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How C/R’s New 
Metal Bellows Seal 


Meets Seemingly Impossible 


Operating Conditions 


Operating Ranges 


—400° to 1000° F. 
500 psi 
80,000 plus 


These known operating ranges indicate 
the function of this seal. It is designed 
for applications where temperatures and 
mediums to be sealed forbid the use of 
any organic materials. Typically, these 
applications include fuel pumps, com- 
pressor power units and turbine starters 
characteristic in rockets and missiles. 
Other applications include mechanisms 
which are exposed to a high level of 
radioactivity. 


Temperature 
Pressure 
R.P.M. 


Design Advantages 


The C/R metal bellows seal consists of 
a metal bellows — a welded homoge- 
neous unit which is secured at one end 
— and a carrier ring in which the seal- 
ing face is mounted. The seal does not 
contact the shaft. It is stationary, and 
the only rubbing surfaces are the seal- 
ing face and mating ring. These surfaces 
are precision lapped to provide a pos- 
itive seal with minimum friction. At 
any given pressure, the seal can be de- 
signed to maintain proper and con- 
stantly effective face loads. It orients 
immediately to run-out and will resist 
any torques it is subjected to in opera- 
tion. The design has high end-play tol- 
erance: Chicago Rawhide engineers 
have deflected a bellows .100 in. for three 
million cycles at 1750 cpm and at a 


temperature of 500° F. with no adverse 
effects. 


A further advantage is relatively light 
weight and compactness. The C/R metal 
bellows seal can be designed for min- 
imum axial and radial space. Axially, 
complete seals can be produced within 
a \% in. cross-section. Radially, dimen- 
sions are comparable with conventional 
end face seals. 


The C/R metal bellows seal can also be 
designed with an extremely low coeffi- 
cient of expansion. The importance of 
this factor becomes apparent with the 
fact that in many applications the op- 
erating temperature may change hun- 
dreds of degrees in a very few seconds. 


Mediums To Be Sealed 


Virtually any known liquid or gas may 
be positively sealed with this design, 
depending upon duration or service life. 
From a practical viewpoint, the C/R 
metal bellows seal is the best design for 
the sealing of cryogenic and high- 
energy fuels such as LOX, hydrogen 
peroxide, fluorine and other missile and 
rocket propellants. 


Where possible, lubrication of the two 
sealing faces is desirable to prolong 
service life. However, the medium being 
sealed commonly acts as the lubricant 
and may be merely hot gas. 


Materiais 


Sealing faces and mating rings for the 
C/R metal bellows seal are available in 


a variety of materials including carbons, 
carbides, ceramics and various alloyed 
metals for both high temperature and 
corrosion resistance. The bellows can 
be furnished in any of several metals 
and alloys such as stainless steel, Monel, 
Inconel X, Ni-Span C and other special 
alloy steels. 


Consult C/R Engineers 

Each application for the C/R metal bel- 
lows seal is essentially a custom-design 
and an intimate knowledge of all condi- 
tions to be encountered must be known 
by Chicago Rawhide engineers to pro- 
duce the correct combination of proper- 
ties in the seal. Then, whether you re- 
quire five, fifty or five thousand seals, 
Chicago Rawhide will design and pro- 
duce the correct seal to solve your 
problem. 


Helpful Design Data: 

We will gladly furnish you with a de- 
sign guide and space envelope data con- 
cerning the C/R Metal Bellows Seal. 
Just write for Bulletin MBS-1 on your 
company letterhead. 





CHICAGO RAWHIDE 
MANUFACTURING COMPANY 


1237 Elston Avenue « Chicago 22, Illinois 


Offices in 55 principal cities 
In Canada: Chicago Rawhide Mfg. Co. of Canada, Ltd. 
Brantford, Ontario 


Export Sales: Geon international Corp., 
Great Neck, New York 











What? Air Won't Let Him Get Too Fat! 


We admit we are not serious, but... 


In a previous moment of strength he has set the controls—now, 
if he weighs over 200 pounds when he steps on the mat in front of 
the refrigerator, the door just won’t open. But while he is under 
200 pounds, no trouble. Now, it’s highly unlikely that the refri- 
gerator folks will be mobbed by eager buyers for such a diet- 
master model, but we have jumped on it as a good chance to 
show how a cam valve can say “‘yes” or “‘no.” 


Ross Cam Valves can “think” for your circuits, too 


Cam valves are the key to air automation. They can act on almost 
any mechanical signal to set off . . . or restrict . . . another 
operation. Then still another cam valve can interlock that circuit 
with yet further operations and so on until any number of opera- 
tions can be sequencing one another. Are you realizing the full 
possibilities from cam valves? The Ross line includes so many 
models, we invite you to call your Ross representative or write us. 
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SEQUENCE OF OPERATION 
Sufficient weight on mat depresses cam, 
operating valve and moving cylinder to 
point where it restrains door handle from 


opening. 


loss OPERATING VALVE CO. am = «114. E. Golden Gate Ave. «* Detroit 3, Michigan 
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New freedom of design in welded joints... 
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Now you can get strong welds 


eons 
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between most dissimilar alloys with 
one electrode... one wire... Inco-Weld “A” 


No longer do you need to avoid designs involving 
welded joints between dissimilar alloys. 

With Inco-Weld* “A” Electrode or Inco-Weld “A” 
Wire you can rely on sound production welds in better 
than 97% of dissimilar alloy combinations involving 
ferritic and austenitic stainless steels, low alloy steels, 
mild steels, high nickel alloys and other alloys. 

Inco-Weld “A” Electrode and Wire assure you of 
strong, ductile joints suitable for severe service ... 
welds of X-ray quality ... made without special train- 
ing or techniques. 

Corrosion resistance of joints usually equals or 
exceeds that of the base metal. With Inco-Weld “A” 


Wire, the deposit can be age-hardened. 

Don’t hesitate to design in dissimilar alloys .. . 
keep Inco-Weld “A” versatility in mind. 

For technical data and case history evidence show- 
ing how others use Inco-Weld “A” Electrode and Wire 
successfully, send for folder “Now You Can Weld 
Dissimilar Alloys.” Write The International Nickel 
Company, Inc., 67 Wall Street, New York 5, N. Y. 


Trademark, The International Nickel Company, Ir 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N. Y. 








SOME OTHER DISSIMILAR METALS SUCCESSFULLY WELDED WITH INCO-WELD “A” WIRE 





Plate Material Thickness 


Plate Material Thickness 








304 to Monel Alloy .078” 
304 to Carbon Steel .078” 
Carbon Steel to Monel Alloy 078” 
Carbon Steel to Inconel Alloy ve” 


Nickel to SA-285 .062” 
Inconel Alloy to Hastelloy ‘‘C”’ Alloy .078” 
10% Ni-Clad-Steel to 10% Ni-Clad-Steel 4” 
342% Ni-Steel to 342% Ni-Steel 2” 








INCO WELDING PRODUCTS 


electrodes - wires - fluxes 
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his instalment shows how to improve your vocabulary adjust 
your reading pace to difficulty of the material . . . acquire the 
valuable habits of evaluating and summarizing what you read 


R T Hinkle, Michigan State University 


The author's methods simplify design of 4-bar linkages to generate 
specific functions. Article includes working examples illustrating 
the three basic problems and how to solve them 
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Here are basics of design with these materials 
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Why LINK-BELT "RC" spells the Right Coupling 


when you want... 


f. Simplicity 
z. Low cost 
3. Dependability 


HOUSINGS: 


Exclusive divided roller 
design gives you all three 


Here’s a reliable shaft coupling that meets every require- 
ment for economical power transmission. Because the 
STYLE R revolving housing, spun divided rollers make independent contact with each cou- 
metal, vertical split. pling half, Link-Belt “RC” flexible couplings give you 
equalized load . . . proper balance at high speeds ... 

efjective compensation for shaft misalignment. 
Durability is another feature of these all-steel cou- 
plings. All parts are precision-made and hardened for 

reliable long lite 

Low initial cost . . . easy installation and maintenance 
dependable performance—they're all yours with 


Link-Belt “RC” flexible couplings. And they’re available LINK BELT 
in a wide range of sizes for shafts up to 12 inches. sR C 


£ COUPLINGS 
STYLE P revolving housing, plas- COMPLETE DETAILS on Link-Belt “RC” flexi- 


tic, horizontal split. ble couplings are contained in Folder 2363. 
Contact your local Link-Belt office for a copy. 


““RC’’ FLEXIBLE COUPLINGS 


‘ s LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry 
STYLE S stationary housing, fab There Are Link-Belt Plants and Sales Offices in All Principal Cities. Export Office, New 
: York Canada, Scarboro (Toronto 13) Australia, Marrickville (Sydney), N.S.W 
ricated steel. South Africa, Springs. Representatives Throughout the World 4,4 
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Technical data for 
gasket design and selection 


NUMBER NINE on nr. v7 


Free wall chart helps assure positive seals 
and guides in proper gasket selection 


How to get better sealing 
at no extra cost in fiber 
sheet gasket applications 


Economy is among the most impor- 
tant design objectives, whether it be 
an opportunity to reduce costs or a 
way to improve performance at no 
increase in price. 

A new beater-saturated gasket ma- 
terial—Accopac N-852—is delivering 
such economy in a variety of applica- 
tions where conventional plant fiber 
gaskets have been used. 

In every case, N-852 was used at 
no increase in cost, and in many in- 
stances, this new material delivered a 
substantial bonus in better perform- 
ance 

Accopac N-852 is made by a proc- 
ess pioneered and patented by Arm- 
strong. In this process, cellulose fibers 
are combined with a synthetic latex 
binder and formed into dense, homo- 
geneous sheets of unusual uniformity 

The binder in N-852 cannot be 
volatilized or extracted in any recom- 
mended application. As a result, gas- 


The efficiency of this vapor-tight light fixture 
was reduced when binder in a conventional 
plant fiber gasket volatilized and condensed 
inside globe. The non-extractable binder in 
N-852 helps eliminate problems of this type. 


kets cut from this new material will 
not shrink in use or in storage 

Accopac N-852 is recommended for 
any sealing job where glue-glycerine 
saturated materials are now being 
used. Typical applications are in caps 
for gasoline tanks and radiators, mas- 
ter cylinders for brakes, gear case 
covers, and hand hole covers. 

N-852 is available in sheets, rolls, 
or die-cut parts. It can be obtained 
direct from Armstrong or locally 
through Armstrong Approved Gasket 
Fabricators throughout the country. 
Write to us for more information on 
Accopac N-852—or a list of Armstrong 
Approved Fabricators. 
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Leaks in gasketed joints are at times 
attributed to such things as compres- 
sion set or torque loss, when the real 
problem is simply that the flange load 
is too low to maintain a seal. 

To be sure of adequate unit loads, 
two things must be considered. The 
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This 18” x 23” wall chart simplifies flange load calculations 
and guides in selection of proper gasket material 


first is the “seal point” of the partic- 
ular gasket material, ie., the unit 
pressure required to form a seal. This 
point is frequently underestimated. It 
varies widely, even among materials 
of the same general class. 

The second thing is the actual unit 
load on the gasket, as contrasted with 
the apparent load arrived at mathe- 
matically by converting bolt torque to 
bolt load. 

The apparent load and the actual 
load rarely coincide, because friction 


on bolt threads results in wide varia- 
tions in bolt efficiency. Such friction 
soaks up bolt torque, often to the ex- 
tent that actual pressure is only a 
small fraction of pressure anticipated 
on the basis of bolt torque calculations 
These possible variations in bolt 
efficiency point up the 
need for a method of 
estimating what per- 
centage of the indicated 
torque load is dissi- 
pated in overcoming 
varying degrees of 
thread friction. 
Research engineers at 
Armstrong have estab 
lished by original labo- 
ratory procedures the 
seal points of Armstrong 
resilient gasket 
rial. In addition, they 
have developed a sim 


wT te 


mate 


SSse5es2 67 tae 


ple method of convert 
ing apparent flange 
pressures to actual 
ange pressures, taking 
\ ide 


thread 


into account a 
range of bolt 
conditions 


This data takes much 
of the guesswork out of 


° 


flange load calculations 
and gasket selection. It 
gives a designer reason- 
able certainty of get- 
ting loads that will 
equal or exceed the 
minimum required fo1 
sealing with the various Armstrong 
materials. 

The new method is discussed in de- 
tail in the Armstrong Gasket Design 
Manual, and its major points are con- 
solidated for easy reference on an 
18” x 23” wall chart. Copies of the 
manual and chart are offered at no 
charge. Please request them on you 
business letterhead only, addressing 
your inquiry to Armstrong Cork Com- 
pany, Industrial Division, 7102 Irvin 
Street, Lancaster, Pennsylvania. 


(Armstrong GASKET MATERIALS 


ever perjormance counts 
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Interesting to Note ee e « (Continued) 


Edison’s New Year's Party 


New Year's Eve, 1879, was the night set by Thomas 
Edison to invite some people to his laboratory at Menlo 
Park, NJ, to witness a demonstration of the electric light. 
Already he had spent several weeks testing and retesting 
wires, regulators, motors and switches. His reputation 
was well established but he couldn’t afford wiring trouble 
or some unexplainable mishap. Reporters from New York 
would record the event for the world; W. E. Chandler, 
soon to become a New Hampshire senator, would be at 
the demonstration with Kansas’ Senator Plumb; gas com- 
pany officials and engineers would watch for any flaw 
which could be used to downgrade the new illumination 
system. 

Several hundred bulbs had been carefully assembled 


Credit National Park Service 
Edison’s Home and Laboratory at Menlo Park, NJ (Now Edison, 
NJ) New Year’s Day 1880. 


by hand; air was pumped out of each by a special vacuum 
pump built by Edison. Although the bulbs would burn 
brightly, they still needed improvement to make them 
last longer. Notebooks were rechecked, then put awa 
for future reference. Beside many of Edison’s notes ap 
peared the capital letters, T. A.—Try Again 
demonstration was like a circus 


lo man 
Reporters 


businessmen and curious citizens had heard a lot about 


E-dison’s 


this electrical wizard and his laboratory; now they we 
invited to meet the man and see for themselves just what 
an electric bulb would do 

What was to be a New Year’s Eve demonstration and 
plant tour lasted a full week. Special trains brought hun 
dreds of interested people who braved stormy weather t 
see four houses illuminated, several streets lighted and 
many lamps burning in and around the Edison build 
ings. To convince the most skeptical, Edison ordered 
lab doors kept open and all those working in the lab t 


1! 


answer any and all questions 

For a full week he had no peace, shaking thousand 
of hands and explaining his invention over and over again 
Gas company officials were impressed and a little worried 
They told Edison that they could reduce the cost of ga 
still make a profit and still compete with his system 
hen Edison would mention such innovations as 
electric motor, and all its ramifications. ‘The gas peopl 
worried anew and asked more specific questions about 
cost, power and future applications. All questions wer 
answered fully and clearly. If Edison felt an interested 
party was confused, he'd explain all over again 

The results of Edison’s demonstration are obviou 
today. What was the beginning of a new electrical art 
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is now history. Like Edison, electrical pioneers are still 
interested in connectors (p. 54), transformers and 
the problem of making better use of electrical energy 
To promote this end, many cities and states have set 
aside the week of Feb 8 to focus attention upon elec 


tricity’s role in our daily life. 


Young Man with a Temperature 


Had Ponce de Leon ever found his fountain of youth, 
it is not certain what he would have done with it. For 
although youth has its advantages, for many it has been 
a barrier surmountable only by time. When India’s 
great mathematician, Srinivasa Ramaniyan, began his 
schooling, he was scorned by his classmates and over 
looked by his elders. But despite his very limited formal 
education, he was one of the great minds of mathematics 

Scotsman William Thomson was another genius who 
made scientific history while still in his teens. Like 
Ramaniyan, Thomson had scant elementary education 
was schooled at home by his father 
advanced, he passed the entrance exams at the Uni 
versity of Glasgow when he was only 11. At 24, he sub 


His mind wa 


mitted a paper on an absolute scale of temperature 
measurement which eventually became known as th 
Kelvin Scale. In low-temperature design (see p. 60) thi 
scale is now used constantly. By the time he was 26, he 
had published no less than 50 papers 

Thomson became involved with the laying of th 
Atlantic Cable. He designed what may have been th« 
first use of stranded wire in electrical work. For this work 
he was knighted in 1866 with the title of Lord Kelvin 


Three Barley Grains to the Inch 


It was Plato who said, “We are exposed to many d 
lusions. But reason thus confused by false appearances 
is beautifully restored by measuring, numbering and 
weighing.” A plea to develop more accurate methods of 
measuring is still being echoed today by our National 
Bureau of Standards chief, Dr. Allen V. Astin, p 37 
Now, with artificial satellites and planets circling above 
we must strive for better and more precise ways t 
measure. And if more accurate standards do become avail 
able they still have to be accepted to achieve validity 

In the past, every nation—and many counties an 
cities—adopted their own standards. In England unde 
Edward I the legal unit of measure was the Iron Ulna 
This, by royal decree, was the distance of three feet. Later 
Edward II broke the standard down to the “inch” o 
one thirty-sixth part of an Ulna. It was further ordained 
that, “3 grains of barley, dry and round, make an inch 
12 inches make a foot: 3 feet make an ulna; 54 ulna 
make a perch; and 40 perches in length and four perch 
in breadth make an acre.” This figure was arrived at sim 
ly by measuring how much land a yoke of oxen could 
low in a day. Obviously this all depended on the coun 
rv, the oxen and the time of year. In Scotland, Ireland 


ind several English countries today, an acre still differ 


I 
t 


iccording to local customs. In America an acre is legally 
fixed as 160 sq rods. What's a rod? A 1575 English pub 
lication first defined it as, “the total length of the left 
feet of the first 16 men as they come from Church on 


Sunday morning.” —Benedict A Leerburger Jr 


7 





formed elements are designed to solve 
problems of 
e THERMAL DEFLECTION 
e ELECTRICAL RESISTANCE 


Here’s why: 


General Plate can furnish Truflex metal parts 
@ Truflex parts and sub- 


fabricated to your exacting specifications — or assemblies are engineered to 
your specifications, 


ean furnish Truflex to you as strip in coils or 
flat cut lengths in a wide range of widths and 
thicknesses. 

Either way, you'll get all of the advantages 
of General Plate’s Truflex — a clad metal com- 
prising two or more permanently bonded layers 
having different coefficients of thermal expan- 
sion which will change its curvature when sub- 
jected to temperature changes. 

Today, hundreds of manufacturers depend on 
General Plate’s years of processing experience 
for Truflex formed parts that control, compen- 
sate and indicate temperature! 


ready for installation. 


Every piece — in lots of 10 
or 10,000 is a duplicate 

of the original . . . eliminating 
rejects and costly 

assembly adjustments. 


Production problems, special 
equipment, and prolonged 
experimental work are all 
eliminated when you use 
Truflex parts. 


If you prefer to make your 
own parts, Truflex 
Thermostat Metals are 
available in extra long coils 
or flat strips manufactured 
to your exact specifications. 





Send us a drawing of 


vac fructd site! | METALS & CONTROLS [fi] CORPORATION 
Trufler Thermostat Metal General Plate Division 1002 Forest Street, Attleboro, Mass. 


can do for you. 
FIELD OFFICES: NEW YORK. CHICAGO, DETROIT, INDIANAPOLIS, MILWAUKEE, PASADENA 
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New motor development 


obsoletes today’s application practices! 


Only from Allis-Chalimers! 
Super-Seal motors save up to 60% 


Here’s an amazing advance in motor technology! It’s the Super-Seal motor line 
an open motor design so completely unaffected by moisture, dust, dirt, oil, acids 
and alkalies that it can be used in many applications previously requiring more 
costly enclosed motors. Savings range from 15 to 60% . 

Super-Seal motor superiority results from two distinct revolutionary insulating 
techniques. Available in any integral horsepower size, smaller Super-Seal motors 
incorporate a Poxeal stator. A durable epoxy resin encloses the stator, creating 
an electrical system impervious to outside elements. 

In larger sizes, Silco-Flex insulation is used. In this system, silicone rubber is 
vulcanized into a homogeneous mass to form a flexible, moisture and heat resist- 
ant, void-free dielectric barrier around coils and leads. 

Both of these insulation systems are unsurpassed. Proof? An encapsulated 
motor ran for hundreds of hours at full load in a 4% brine solution. 

Find out more by reading the next pages; then contact your A-C representa 
tive or distributor, or write Allis-Chalmers at address shown on back page. 


> ALLIS-CHALMERS 


eurnYSrer KIMBER, ie a | _ aoyth* 





518 9100 
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Two revolutionary insulating techniques 
developed and pioneered by Allis-Chalmers 
mean savings of millions of dollars 


for motor users... 


New open motors are unaffected 
by moisture and contaminants 


Modern insulating materials and 
new methods of application, now 
available in Super-Seal open-type 
motors, are drastically changing 
motor application standards. These 
insulations are so completely im- 
pervious to moisture and contami- 
nants that Super-Seal open motors 
can be used in most applications 
formerly requiring costly enclosed 
designs. Existing applications have 
resulted in savings as high as 60% . 


Basic insulation systems 


Larger Super-Seal motors. with 
form-wound stator coils use the 
Silco-Flex insulation system. Heart 
of this system is a remarkable rub- 
ber-like silicone elastomer, applied 
in semi-cured state and vulcanized 
to form a void-free, impervious di- 
electric barrier. More than four 
years of development and field test- 
ing have proven the superior elec- 
trical and physical properties of 
Silco-Flex insulation systems. 


Stator coils of smaller random- 
wound motors are protected by 
equally effective Poxeal insulation 
system. A tough, durable case of 
epoxy resin completely seals the 
winding end turns and slot portions. 
Bonded to the stator laminations, 


it forms a seal completely imper- 
vious to contaminants. 


Moisture resistance 

In addition to being void-free, the 
silicone elastomer used in Silco-Flex 
insulation is moisture repellent. 
Even in high humidity, moisture 
does not form a surface film of con- 
densation. Coils with this protec- 
tion can operate completely im- 
mersed in water. In fact, one of the 
recommended cleaning procedures is 
use of detergent and water. 


8400 VOLT TEST 
(190% AIEE) 


x nr 5 0 SO 0 
HOURS IN WATER 


Fig. 1—Test curve shows insulation resistance of 
Silco-Flex insulation while immersed in water. 


Moisture resistance of Silco-Flex 
coils is demonstrated in Fig. 1. 
After more than 3000 hours of total 
immersion with 2300 volts impress- 
ed on the coil, the test was terminat- 
ed when it became apparent that 


ew 


Paper mills have 
wide application for 
Super-Seal motors be- 
cause of moist atmos- 
pheres. 


little more drop could be expected 
in the coil’s insulation resistance. 
At that point the coil still with- 
stood a high potential test of 8400 
volts without injury. 

Encapsulated stator windings are 
equally well sealed. Motors with 
Poxeal insulation protection have 
been thoroughly tested under water 
while operating with full load and 
full voltage. 


Resistance to contaminants 
Silicone elastomers and epoxy resins 
are relatively inert to attack by 
practically all reactive agents. Fur- 
ther, the void-free construction of 
insulation systems used in Super- 
Seal motors prevents penetration 
of contaminants. As a result, Super- 
Seal motors are unaffected by oils, 
most acids, salt solutions, alkalies, 
and oils and are ideally suited for 
such applications. 


Thermal stability 


Temperature-wise, Silco-Flex insu- 
lation can easily withstand hot-spot 
temperatures of 200 C and more— 




















SILCO-FLEX 
INSULATION 
































x 
HOT SPOT” TEMPERATURE 


Fig. 2—Chart shows that Silco-Flex insulation 
more than meets Class H requirements. 


AND PLIABLE 
FLEX” INSULATION 


WITH ORGANIC BINDER 


WITH SLIGHT HANDLING 


0 Ww x © 50C 
HOURS OF AGING 


Fig. 3—Tests of 2300-volt insulated bars show 
thermal stability of Silco-Flex insulation. 





easily meeting Class H temperature 
requirements (Fig. 2). At tempera- 
tures where the life of Class B coils 
would be measured in weeks, the 
life span of Silco-Flex coils is well 
beyond machine obsolescence. 

Comparison with a mica-organic 
binder insulating system (Fig. 3) 
offers further proof of thermal sta- 
bility. After 2000 hours of aging at 
200 C with 8500 volts applied con- 
tinuously, the Silco-Flex insulated 
coil was still tough, pliable, and 
completely serviceable. The mica- 
taped insulation had deteriorated 
to the point where it disintegrated 
readily and was completely useless. 

An added advantage of Silco-Flex 
insulation is unusually high thermal 
conductivity ——- about twice that of 
conventional insulations. This 
means heat dissipates faster from 
its point of generation. 


Poxeal insulation also demon- 
strates remarkably good thermal 
stability. Materials now in use are 
suitable for Class B temperatures, 
although actual classification of the 
insulation is determined by the basic 
material used. 


Silco-Flex Polyester Asphaltum 
Insulation Mica Tape Mica Tape 


Fig. 4—Somples of motor insulations after sand- 
blasting give comparison of abrasion resistance. 


Abrasion resistance 
Resistance to abrasion is still 
another point of superiority in the 
insulation systems used for Super- 
Seal motors. Abrasion resistance of 
Silco-Flex insulation is compared to 
other types of insulation in Fig. 4. 
After one minute of sandblasting 
with 90-grit aluminum oxide and 
100-psi air, only slight surface ero- 
sion appeared on the Silco-Flex 
sample. Other insulations were 
eroded to bare copper. 


Application practices obsolete 
The superior qualities of Super-Seal 
insulating systems, developed by 
Allis-Chalmers, make it necessary 
to reappraise present application 
practices. With virtually ageless 
insulation, Super-Seal motors assure 
more reliable service and require less 
upkeep than the best protected, con- 
ventionally insulated machines 
and at considerably less cost. 


Super-Seal, Poxeol, and Silco-Flex 


are Allis-Chaimers trademarks. 
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Cement, petroleum, chemical, steel, mining, paper, utili- 
ties, municipalities and general industry —- outstanding 
corporations in every field are specifying Super-Seal 
motors wherever operating conditions are tough. 


Cost and superior insulation aren’t the only reasons. 
Users are getting MORE MOTOR, too. Here’s why: 


Standard totally-enclosed motors, 55° C rise, have a 
service factor of 1. In other words, “‘nameplate”’ horse- 
power is the maximum. A 40° C rise Super-Seal motor 
with Poxeal insulation, and a 60° C rise Super-Seal motor 
with Silco-Flex insulation have a service factor of 1.15. 
For comparisons on what this difference means in re- 
quired motor sizes, see this chart: 


Rated Horsepower Maximum Continuous 
(Maximum Hp, TEFC) Hp — Super -Seal Motor 


15 hp 17.25 hp 
25 28.75 
40 46 

75 86.25 
125 143.75 
200 230 
350 402.5 
500 575 


Join the swing to Super-Seal motors. It will 
pay dividends fast. Contact your A-C represen- 
tative or distributor, or write Allis-Chalmers at 
address shown on back page. 
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Find out how much 
you can save 


This application of a Super-Seal open-type 
motor in place of a weather-protected 
design of the same rating saved the user 
$3000.00! 

You can achieve similar savings! 
Fill out the data sheet below and find out 
for yourself how much you can save —-on a 
“‘no-strings-attached”’ basis. 

Here's what to do: 1) Select an en- 
closed motor application in your operations 
(a new motor need or, for comparison, a 
motor just purchased); 2) fill out the data 
sheet; 3) mail to the address shown. 
We'll give you a cost quotation on 
a Super-Seal open motor for that application. “4 


Fill out this data sheet— 


no strings attached—to find out how much you can save on a new motor 


or on an existing motor installation 


To; ALLIS-CHALMERS 
888 S. 70th St., Milwaukee 1, Wis. 


Motor Data Application Data 6. Operating conditions: 


iB Type (iz., squirrel cage): 4, Description of application: 


Horizontal [_] Vertical [] Dirty [] Cleon(] Wet] Dry (] 
Hp Rpm Other 


Information on 
Existing Motors 


(for comparison) 


, Phase Frequency 


Voltage 


3. (For synchronous only) 5. Drive: Direct-connected [] 7 . Type of insulation 
Power factor V-Belt [] Other: 
Starting torque Type of enclosure 
Pull-in torque Starting load 
Pull-out torque Ambient temperature Time rating 


Temperature rise 
Bearings: 
NAME as 
Anti-friction [] Sleeve [] 


J] 
TITLE 8. Special characteristics 
or construction: 


COMPANY 


ADDRESS 
A-5869 


ALLIS-CHALMERS 
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Titanium gears outlast steel . . . 


. in lubricated wear tests and are able to take 
a “terrific beating,” says Western Gear Corp. Tests 
of its phosphorous-nickel coated gears (PE—May 12 
'58, p 20) in high-speed aircraft components, West- 
ern says, show they were able to perform seven 5- 
minute, full-load cycles at 196,000 (Hertz) com- 


TO WATCH 


pressive stress; had a PVT (pressure-velocity-tem- 
perature index) of 2,000,000, and bending stress of 
47,000 psi. In lubrication tests with a Shell 4-ball 
tester, Western reports, the coated titanium gears 
showed a higher initial wear rate than 52100 steel, 
but a lower one after 15 min. in the machine. 


Guided buses will be roaming the streets of Chicago .. . 


. if present plans of Chicago’s Transit Authority 
pan out. CTA says it has already done “considerable 
research” on guided-bus trains, is working with such 
companies as Barrett Electronics Corp to develop 


the necessary guidance equipment Barrett pro 
duces several tvpes of remote-control guidance sys 
However, actual field 


testing will probably not start before spring 


tems for industrial trucks.) 


Fungi that live without air are becoming a Space-Age headache .. . 


... Wright Air Development Command researchers 
report. Far from solving the problem of fungi and 
bacteria, space travel, and the desire to keep the 
moon and other satellites uncontaminated until they 
can be studied, simply compound the problems al- 


ready posed by these tiny organisms. Tests at Wright 
Field have shown that some fungi and bacteria can 
survive more than a month at pressures as low as 
5 x 10° mm Hg—about what would be encountered 
100 miles out. 


Infinitely variable speed and ease of conversion .. . 


.. . to automatic control are two advantages claimed 
by Specken AG, Zurich, Switzerland, for the hydro- 
pneumatic machine-tool system diagrammed here. 

By using compressed air as the primary power 
source, and a secondary hydraulic system to increase 
the pressure, Specken says it is possible to produce 
“an infinite variety of speed-stroke characteristics 
for the feed of any tool carriage, and convert almost 
any manually controlled machine tool into an auto- 
matic one.” 

The system consists of two major units: an oper- 
ating cylinder A and a pressure converter B. 

The operating cylinder is so designed that a con- 
trol rod moving with the piston actuates valves 
a, b, c and d which, in turn, control its travel in 
both directions. The piston itself may be connected 
directly to the tool carriage; or, by means of a rack 
mechanism, to the feed pinion of the machine. 

he pressure converter is, essentially, a dual piston; 
one surface being larger than the other. Air is fed 
in above the larger one (at the top) and oil is con- 
tained beneath the smaller one (at the bottom). 
Size is chosen so oil pressure will be approximately 
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4 times the air pressure. By controlling the initial 
air pressure (with valve systems e and f), the com- 
pany says, it is possible to provide for automatic 
stopping at cither end of the stroke or in between, 
automatic reversal, high-speed return, and retarded 
reversal. It is also possible to interconnect several 


tool carriage drives for successive or phased operation. 
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Stable lubricants can be developed for high-temperature use . . . 


. says Naval Research Lab, by taking advantage 
of new fluorocarbon systems. 

Noting that the alkyl diesters covered by military 
specifications MIL-L-7808 do not have the oxidation 
and pyrolysis resistance required by aircraft gas tur- 
bines soon to become operational, and that fluoro- 
carbon fluids previously tested were too volatile, the 
Chemistry Div of NRL has begun an investigation of 
a new group of fluoroesters. 

Results thus far are encouraging. One compound, 
for instance, shows oxidation stability at least to $27 


’ and thermal stability to 600 F. NRL admits that 
“these gains are made at some expense of viscometric 
properties and freezing point,” but its researchers 
are optimistic, saying, “the results of this investiga 
tion open the way to more stable and less volatile 
fluoroesters which offer promising candidates tor 
high-temperature jet-engine lubricants.” Research on 
the project (NA350-063) is continuing. 

(Note: for information on other approaches to the 
problem of high-temperature lubrication, see PE 
Dec 9°57, p 9; May 5 ’58, p 5.) 


Ultrasonic energy can be “piped” around corners .. . 


and transmitted to locations considerably re- 
moved from its source, says Sheffield Corp. The 
company is taking advantage of that fact in design- 
ing new tooling for its ultrasonic cutting machines, 
and believes the practical demonstration can aid 
design of other types of equipment. 

Until now, Sheffield’s Cavitron machines have 
been designed to transmit energy to a single ma- 
chining station located directly beneath the trans- 
ducer and at a distance of not more than 12 in. from 


it. Now Sheffield engineers say, “the new extension- 
type tooling transmits high-frequency mechanical 
oscillations from the transducer . . . to remote ma- 
chining stations.” 

Sheffield’s transmission system is a simple one 
just curved, cylindrical rods leading from the trans 
ducer to the various work locations. As many as 8 
machining stations have been mounted on a standard 
machine, with a transmission rod to each one, simul 
taneous or sequential operation. 


Better materials for thermoelectric power generation 


are on the way, Air Force researchers believe, 
ind they've already made considerable progress. 
Right now, they term bismuth telluride one of 
the best, if not the best, material available for con- 
version of thermal to electrical energy. But, they 
note, it has a relatively low melting point—about 
1090 F 


Researchers at the AF Cambridge Research Center 
have by no means abandoned bismuth telluride for 
this reason. As a matter of fact, they're setting 
records for production of single-crystal boules, But 
they’re also testing other semiconductors, with every 
expectation of finding one that has bismuth tellu- 
ride’s advantages without its limitation. 


Lower prices for resins, refrigerants, fibers and finishes . . . 


are predicted as capacity to produce many organic 
chemicals outruns even today’s booming demand. 
Already, price reductions are beginning to appear, 
and projected increases are being postponed. 

Late last month, producers of isocyanates (for 
urethane foams and adhesives) lopped nearly 30% 
off quantity prices. Smaller, but still substantial 
cuts were made in polyvinyl chloride and polyvinyl 
acetate tags. 

Producers of polyethylene—both standard and 
linear—and of fluorocarbons (for refrigerants, aero- 
sols and molding resins), faced by capacities nearly 
double current demand, were out beating the bushes 
for new applications. 
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A. Jonnard of Shell Chemical summed up the 
current situation for many of the newer materials 
when, speaking of epoxy resins, he told the Chemical 
Market Research Assn: “Starting from the end-use 
pattern and the price structure of a few months ago, 
we came to the conclusion that real growth during 
the next few years could only be expected if the prod- 
ucts were more attractively priced. Our economic 
data indicated that lowering the price might expand 
consumption sufficiently to more than compensate 
for the lower profit per unit of sales. Our new price 
schedule went into effect a few months ago. We 
hope that future growth will demonstrate that we 


used good judgment.” —ARG 
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Exclusive from Russia!—Design Details of the Lunik 


Bonn—Soviet scientists planned to 
hit the moon somewhere near its 
equator with the 104.9-ft Lunik they 
launched Jan. 2. That the artificial 
planet was not expected to orbit the 
sun is becoming increasingly clear 
from documental information now 
available in the Soviet Union. 

Unexpectedly strong magnetic 
fields, encountered just prior to the 
third-stage cutoff, prevented the mis- 
sile from hitting target. Still, Lunik’s 
control system guided it to within 3° 
of target—a noteworthy feat. The 
Soviets attribute much of this success 
to apparatus that cut off burning in the 
missile’s third stage with 0.1l-see ac- 
curacy after Lunik accelerated to es- 
cape velocity of 6.98 mi/sec 

The three-stage, 352,000-lb vehicle, 
called the CH-10 by the Soviets, was 
rockets that 
launched all three Sputniks. First 
stage was a modified T-3A ICBM; sec- 
ond modified T-2 IRBM; 
third stage, a specially designed vehicle 
for space flight. 

In contrast with Sputniks, first-stage 
thrust for Lunik was supplemented by 
two solid fuel Golem 3’s—rockets em- 
ployed militarily as underwater-to-ait 


similar in design to 


stage, a 


exotic 
hvdrocarbon fuel with boron additives 


or surface-to-air missiles. An 


At —5 sec in countdown 


was mixed with liquid oxygen in 
ratio of 2.4:1 in all three stages. The 
propulsion system 
thrust of 660,000 Ib 

Nonessential equipment was rigor 
ously excluded from Lunik. The mis 
sile carried no equipment to destroy it 
in flight. It did carry instruments for 
measuring magnetic fields, cosmic 
radiation, radioactivity, interplanetary 
matter, corpuscular radiation, microm 
eteorites and  temperatures—along 
with 5 transmitters—four active and 
one stand-by—for sending information 
to earth. For the first time, electronic 
equipment in the rocket was fully 
transistorized and fitted to two-dimen- 
sion printed circuits. According to So 
viets much of the high purity germa 
nium required came from Red China 

The missile also carried no vecto 


produced initial 


rockets or solar-energy cells—partial 
evidence that it was expected to go 
only to the moon. Such equipment 
would have allowed radio transmission 
during solar orbit. Chemical batteric 

exhausted but 
permitted continuous communication 
when the vehicle passed through th 

carth’s First independent 
check on distance covered by CH-] 

was made when a preset timer released 
a 5-gram sodium cloud 


themselves in 62 hr, 


shadow 


external fuel feed to rocket was cut off and first stage tanks cut in automatically. By 
zero time the missile had built up 660,000-lb thrust (485,000-lb from engines and 


88,000-lb from each supplementary Golem) for initial push on trip to space 


Golems 


were jettisoned at 6600 ft. At that point, thrust dropped to 485,000-lb output of rocket 


engine at takeoff, but by cutoff the engine had built up to 562,000-Ib thrust 


Between 


second and third stages, rocket coasted 22 sec before severing to give engines time to 


build up full thrust. 








External fuel 


supply | 
———— — — 








THRUST-TIME DIAGRAM 
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First stage of the rocket weighed 
184,800 lb including 167,200 Ib fuel; 
second stage, 113,300 Ib including 
14,600 Ib fuel; third stage, 24,150 Ib 
including 20,900 Ib fuel. 

Outer skin of the airframe was con 
structed of chrome-plated steel rolled 


Russia’s 104.9-ft Missile 

that bore Lunik aloft was composed of a 
53.1-ft long first stage, 31.4-ft second stage 
and 20.3-ft third stage. First stage was 
13.7 ft dia throughout, second stage ta 
pered from 13.7 ft at base to 5.3 ft at top 
third stage tapered from 5.3-ft dia 
package, at top of final stage, 
weighed 797-lb and was 24.5.in dia 


Instru 
ment 
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against an aluminum alloy backing and 
stretched over a framework of alumi- 
num and aluminum-magnesium alloy. 
Ribs and sheet were riveted together. 
lransition between stages 
were made of heat-resistant chrome- 
molybdenum steel. In place of using 
black and white stripes for controlling 
internal temperatures as the US did 
on Pioneer III, the Soviets painted 
their latest missile half black and half 
white 


sections 


Burnout of engines in each of the 
first two stages triggered ignition of 
the engine in the succeeding stage, but 
in both cases actual separation was 
delayed 24 sec until new engines built 
up full power. Explosive bolts then 
separated missile sections. No retro- 
rockets were included in the design 
because thrust of incoming engines 
located on nose cap of the preceding 
stage sufficient to make the 


break 


Thrust in 


was 
both second and third 
stage was sufficient to spin the vehicle 
up to 60 rpm through its graphite 
rudders for stabilizing the craft. This 
contrasts with US moon-probe prac 


tice which uses up to eight vernicr 
rockets for spin. 


LAUNCHING AND TRACKING 


Ihe rocket was launched from an 
installation slightly north-east of the 
Aral Sea on the border of European 
Russia—latitude 47° N and longitude 
62° 30’ E. Angle of injection was 71 
deg from vertical. 

The launch pad was located exactly 
3,280.84 ft from control headquarters 
An interferometer checked this dis 
tance to five decimal places to ensure 
accurate relationships between vertical 
axis of the rocket and vertical axis of 
the Doppler tracker at main control 
station. 

The missile was tracked by instru 
ments at 13 stations stretched from 
Czechoslovakia to the Pacific. Each 
tracking station was equipped with 
Doppler, radar and phototheodolite 
equipment. Data from these three 
sources was aggregated in a computer 
and the results fed to an IBM-type 
machine. 

The Doppler at tracking stations 
the 9.8-ft-dia 


ind 


is conventional 


radar operated on 12-cm wavelength. 
‘heodolite equipment, based on the 
Askania principle, included parts that 
reportedly were manufactured in West 
Germany. 

Guidance equipment was located in 
the third stage of the missile and at 
the main control center and tracking 
stations on the ground. The rocket 
can best be described as “time 
guided.” That is, an ideal flight pro- 
grammed on a perforated aluminum 

id was carried in the missile. Each 
succeeding step that was called for in 
this program was set off by crystal 
timer 

Simultaneously, ground installations 
checked the timing on the missile 

duplicate iridium program 
Reports from tracking station 
computers were passed to a master 
computer at the main control station 
If the master computer showed a flaw 


against 
cards 


in timing sequence on the space vehi- 
cle, a ground-based antenna beamed 
corrective instructions to control 
equipment in the vehicle. Corrections 
were made by synchronizing an elec 


tronic timer in the rocket with an 
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Fuel from pre-mix .. . 

chambers flowed to thrust chamber, thence 
to exhaust nozzle where its was cracked. 
But before fuel was passed out of exhaust 
nozzle, it was recombined to chemical 
form it had in thrust chamber. Gas bled 
from thrust chamber was fed to an expan- 
sion chamber for generating steam at 
sufficient pressure to drive turbines that 
operate fuel pumps. 


identical timer on earth. 

The Soviets trace the efficiency of 
their guidance system to a combina- 
tion of gyroscopes and induction coils 
in the missile that kept all three of its 
axes at correct tagent to a_ pre-set 
path and to the beam from earth that 
kept the rocket’s center of gravity on 
its prescribed path. In the missile, 
three liquiddamped gyroscopes on 
stabilizing platforms in each stage con- 
trolled roll, pitch and yaw. A gyro 
system compensated for gravitational 
pulls on the vehicle, and two induc- 
tion coils corrected the magnetic in- 
fluences that cause roll and pitch. A 
third induction coil coupled directly 
with an integrator kept close control 
on acceleration of the vehicle by gov- 
erning pressure of fuel injected into 
the thrust chamber. 

Pulses generated by these gyroscopes 
und induction coils were transferred 
to a computer, an amplifier, and then 
to a second computer containing the 
missile’s control program. These 
pulses were finally transmitted over 
relays to hydromechanical apparatus 
that changed position of four sodium 
graphite rudders at rocket nozzle. 

Corrective impulses beamed from 
the ground to the missile were picked 
up by the rocket’s receivers and trans- 
mitted to an integrator by the timer. 
After the correcting pulses were inte- 
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grated, the results were relayed to the 
amplifier-computer and then to the 
hydromechanical system that control- 
led the rudders. Similar to the pred 
ecessor Sputniks, the Russians chose 
graphite rudders tied to the thrust 
system in preference to the weighty 
and more cumbersome gimbal-hung 
engine preferred by the US 

Tungsten-carbide-lined thrust cham 
bers in all three stages were designed 
for Russian-type exotic fuels. Du 
plicating Sputniks, the thrust cham 
bers of Lunik were surrounded by a 
series of pre-mix chambers to insure 
perfect fuel blend. These chambers 
make higher thrust chamber pressure 
possible and resulted in exhaust veloc- 
ities of 9348 to 10,000 fps, the Soviets 
Say. 

To mix the fuel, individual injectors 
forced hydrocarbons and liquid oxygen 
into the pre-mix chambers at pressures 
varying from 1918 and 2556 psi, de 
pending on thrust needed at the 
nozzle for pre-set velocity. Steam 
turbines drove fuel pumps in all thre« 
stages. In the thrust chamber, 5800-1 
temperature cracked the fuel—CO 


and H,O—to 2CO + O, and 2H,O, 
and then recombined it to the original 
CO, and H,O. This sequence reduced 
specific fuel consumption of Lunik’s 
propulsion units to 9.2 Ib/ton/sec 
compared with 10 to 10.5 Ib/ton/sec 
reported for Viking engines 

l'o protect missile structures against 
the heat, fuel w 
pumped through the jackets, around 
the thrust chamber and nozzle to hold 
wall temperatures to 11121 

Information indicates that the stud) 


of reentry problems has progressed to a 


searing rocket 


point where the Soviets now can bring 
a vehicle of modified Lunik configura 
tion back to earth. While US 
tists have worked with radiating sur 


scien 


faces to dispose of heat input during 
reentry, the Soviets have experimented 
with water jacket cooling (now bi 
lieved discarded because of its weight 
wooden jackets. In the 
the nosecone 


and simple 
latter 
wooden jacket dimensioned 
smolder 


is enclosed in a 
o it will 
during the 
Che 
is left reason 


and burn away 
relatively short reentry period 
of the satellite 


nosecorn 


ably cool. 


R & D Costs Climb Twice as Fast in 3 Years 
as Hiring Rate of Scientists, Engineers 


W asuincron—By January, 1957 there 
were 528,000 engineers and 152,000 
scientists in the US. Only one-third 
of these were engaged in R & D 
activities. So reports the National 
Science Foundation in its Scientific 
Manpower Bulletin #10 compiled by 
the US Bureau of Labor Statistics 

Engineers and chemists comprised 
the largest occupational groups among 
the 228,000 scientists and engineers 
in industry in R & D. However, rate 
of employment in R & D varied, ie, 
3 out of 5 physicists compared to less 
than | out of 3 engineers, mathema 
ticians, or life scientists were in R & D 
work. Some 160,000 of the 600,000 
technicians, working with scientists 
and engineers, were engaged in R & D 

From 1954 to 1957, US industry, 
according to the report, increased its 
employment of scientists and engineers 
by about 30%. Number of engineers 
rose by 27%, chemists by 16%, life 
scientists and physicists by about 60% 
In R & D, such employment increased 
by more than 45%—only 
more than half the 80% increase in 
R & D costs reflected during the 3-4 
vear period. 


slightly 


2, 1959 
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Springs—off the shelf .. . 

will be available shortly for the range of 
sizes and shapes of tension and ground end 
compression springs commonly used—1! to 
20 Ib load, OD from Ye and 
lengths to 1/2 in and 
5 in Wallace Barnes, Bristol 
Conn, 500 
standard springs in progressive increments 
of size and load that fill about 90% of 
the 


to 4% in 
for compression 
for tension 


has designed approximately 


specific requirements met in service 


Diameters are correlated with commonly 


used drilled-hole sizes. Each size will be 
available in both music wire and stainless 
—certified to military and aircraft require 
ments. These standard sizes eliminate the 
need for designing a spring or making a 
drawing; each size will be identified by a 
catalog number. Springs will be carried 
in stock for faster delivery and lower cost 
in small quantities needed for short run or 
development work 
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See More R&D Defense Dollars 
Added to US Budget 


Wasnincron—There seems no ques- 
tion but what Congress will increase 
the present $77-billion balanced 
budget; that there will be more money 
spent on defense (R & D will get 
much of this increase) is not being de- 
bated. But the big issue is by how 
much. One thing seems sure, the 
budget is destined to become a politi- 
cal football. And, many think it was 
designed for just that purpose. 

The Administration is holding tight 
to its theme that the budget repre- 
sents a sound appraisal of national 
needs for the coming year. The Demo 
crats are blasting it as being pared 
beyond the point of good judgment. 

Singled out for a good share of 
Democratic critcism is defense spend- 
ing. The Administration is asking for 
$40.9 billion—only a $145-million in 
crease over last year. 

Critics point out that this does not 
even allow for the normal 3% infla 
tionary cost increase that Pentagon 
budget experts admit has been creep 
ing into military prices regularly over 
the past years 


WHERE IKE IS CUTTING . 


l'o justify its defense budget, the 
Administration that successful 
development of many of the nation’s 
missiles, as well as changes in tactical 
concepts has eliminated the need for 
others, and they are being dropped. 
The solid-fueled Pershing and Ser 
geant missiles, for example, will re 
place the liquid-fueled Redstone and 
Corporal; Navy's fast-moving Polaris 
program makes it possible to cut the 
Regulus II missile; the air-to-ground 
Rascal missile has been cancelled; the 
Decoy goose has been can 
celled; and the Navy’s jet Seamaster 
project will be stopped 

While manned aircraft is being cut, 
the Administration has increased mis 
sile production money by $500 mil 
lion. But, the Democrats claim it is 
not enough. And they want to make a 
sweeping investigation into the whole 
defense posture of the nation. Even 
the most conservative critics admit 


Says 


missile 


that it is sure to swell the defense por- 
tion of the budget before the matter is 
settled. It is the same type of investi- 


gation that caused Congress to in- 
crease the military budget last year by 
some $900 million. 

It is not only the military section 
of the budget that the Democratic 
Congress will attempt to fatten. Last 
year, it was the Russian Sputnik, and 
US satellite shoot failures that spurred 
Congress into a budget increasing 
mood. This year, the attention is more 


on domestic vote-getting issues. 


UK Shows Largest 
Plastic Yacht 


Lonpon—What is claimed to be the 
world’s largest _fiberglass-laminated 
boat is being shown at the annual Brit- 
ish Boat Show at Olympia, London. 
The craft is 56 ft long, has a displace- 
ment of only 16 tons and will travel 
at 17 knots. Propulsion is by twin 
screws, each driven by a 150-hp Mer- 
cedes-Benz diesel engine. 

Manufacturers of the hull, Halmatic 
Ltd, Fratton, Portsmouth, claim a 
wooden vessel of same length would 
displace nearly 20 tons and, with the 
same engine, would do little better 
than 13 knots. 

Weight of the fiberglass hull is 5000 
lb and compares in cost with a wooden 
structure—about $11,000. 

The cold, hand-laminating tech- 
niques used are the same as those for 
smaller plastic boats. Frames and 
widely spaced stringers, integrally 
molded with skin panels, are also the 
same. Frames are three in. wide, 
pitched at 15-in. centers. Object of 
the frames is to increase stiffness for 
minimum skin thickness, fiberglass 
laminate being stronger than wood, 
but not as stiff. Frames and panels 
run continuously round the vessel, 
without longitudinal joints. 

Designers claim a wooden hull of 
same length would take nearly 560 Ib 
paint and absorb ahout 10% of its 
own weight in water—with both fac- 
tors increasing the drag. 

Switching to plastics has also in 
creased flexibility in contour selection 
and appearance. Bow flare is exagger- 
ated, spray<leflection is built-in, and 
the stem above water-line is rounded 
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1960 R & D Budget 


Research and Development 
Major Agencies 
1959 1960 
millions est.) 
Dept. of Defense 3,282 3,692 
Atomic Energy Commission 618 652 
Nat'l Aeronaut & Space Adm 205 333 
Health, Education t Welf 236 251 
Total, All Agencies 


4,341 5,484 





Dept. of Defense--R&D, Test, and Evaluation 
1959 1960 
millions est 

360.3 371.9 
472.6 487 .3 
341.8 1,437.6 


Military Sciences 

Aircraft, Related Equip 

Missiles, Related Equip 

Military Astronautics & Related : 
Equip 5. 309 

Ships and Small Craft & Related 
Equip 

Ordnance, Combat Vehicles and ; 
Related Equip 35.0 

Other Equip 430.8 

Program Mgmt, and Support 133.0 

Emerg. Fund, Expired Accts 150.0 


Tota! 


167 .7 


3,722 





National Aeronautics and Space Admin. 


Research and Development Programs 


1959 1960 
(millions est. 
Aircraft, Missile, Spacecraft Re- 
search (Support of NASA 
Plant, JPL Plant, and Re- 
search Contracts) 


Scientific Investigations in Space 
(Sounding Rockets, Earth Sat- 
ellites, Lunar Probes, Deep 
Space Probes, Vanguard Pro- 
gram) : ; 


Satellite Applications 
Investigations (Meteorology 
Communications) . 


Space Operations Technol. 
(Manned Space Flight, 
dezvous Techniques)* 


Ren- 


Space Propulsion Technol 
Solid Fuel Rockets, High- 
Energy Fuel Rockets, i-mil. 
Pound Single-chamber engine 
Nuclear Rocket Engines, Space 
Engines, Auxiliary Power 
Units) 


Space Systems Technology 
(Advanced Vehicle Systems 
Booster Recovery Systems 
Orbiting Space Lab) 


Supporting Activities 
PPracking Data A 


Total 


*—Supplemental Est FY '59—20.750 





; 1959 1960 
‘on 
Educatio (millions est.) 


Nat'l Science Foundation 66 66.6 


Health, Education & Welf 115.3 150.0 


(Includes 75 .3-mil. in Supplement 1959 Request) 





Air Pollution 
Saline Water 
Nat'l Bureau of Standards 


(Research & Tech. Serv). 


1959 





Pentagon Names York to Unsnar| 


Defense R&D 


Wasuincton—The Pentagon’s wide- 
ranging research and development 
bureauracy is undergoing a major over- 
haul. Though the situation is still in 
flux—with decisions on organizational 
detail and administrative procedure 
still to be ironed out—it’s now clear 
that one man, Dr. Herbert F. York, 
the Defense Dept’s new Director of 
Research and Engineering, will have 
more direct power over military R & D 
than any one man has ever had before 
in the Pentagon. 

York has authority to “supervise” 
all military R & D work and to “direct 
and control” those projects which the 
Secy of Defense determines should be 
under “centralized management.” As 
the Defense Secy’s “principal adviser 
on scientific and technical matters,” 
York will presumably have a lot to say 
what projects these will be. 

He is an old hand in military R & D. 
For the past year, he has been chief 
scientist for the Defense Dept’s Ad- 
vanced Research Projects Agency, 
(ARPA) which directs military space 
projects. He is a noted physicist, 
played a prominent role in the atom 
bomb project during World War II, 
and was associate director of the Uni- 
versity of California’s famed radiation 
laboratory before coming to the Penta- 
gon last year. 

He has a reputation at the Penta- 
gon as both a vigorous and imaginative 
administrator and as a brilliant scien- 
tist familiar with the nuts and bolts 
of major R & D projects. Indications 
are that York will bolster military 
R & D management—which in recent 
years has become entangled in bureau- 
cratic disputes over fund allocation, 
project assignment, and administrative 
authority. 

York’s new post was established in 


Congress last year in the Defense 
Dept Reorganization Act. His ap 
pointment came after McElroy tried 
unsuccessfully for months to lure 
someone from industry to take the job. 

The new director will have power 
to allocate funds from the Defense 
Dept’s R & D emergency fund ($150 
million voted last year and another 
$150 million sought this year); to 
have direct authority on how the 
Army, Navy, and Air Force spend the 
billions in R & D funds appropriated 
directly to the individual services; to 
approve contractor selections; to ini- 
tiate projects; and to assign them to 
the services. Presumably his authority 
will run the gamut of all military 
R & D—electronics, missiles, aircraft, 
eventually space, and the like. 

The position of William M. Hola 
day, the missiles “czar” who never 
really became a “czar,” is being abol- 
ished. Holaday was named Defense 
Dept Director of Guided Missiles dur- 
ing the Pentagon’s recent drive to 
speed up missile work and to clarify 
lines of authority. His 38-man staff 
will be absorbed by York’s new shop. 

The position of ARPA, the one-year 
old agency which directs military space 
projects, is very much up in the air. 
Theoretically, ARPA activities fall un- 
der York’s new office. But ARPA 
director Roy W. Johnson, a forme 
GE Vice-president and York's former 
Pentagon boss, continues to report to 
McElroy directly rather than to York. 

However, expect ARPA to wither 
on the vine and eventually become in 
corporated in York’s office. Under 
present plans, York plans to farm out 
actual administration of most R & D 
projects to the services and their con 
tractors. But York will also be able to 
award contracts himself. 


Separate Professional Employees from Others 


Wasuincton—The right of profes- 
sional employees to a separate vote 
in elections conducted by the National 
Labor Relations Board to determine 
questions of representation under the 
Taft-Hartley Act has been sustained 
by the Supreme Court, it has been re- 
ported here. 

The case involved professional em- 
ployees at the Westinghouse Buffalo 


plant, who, in the name of the Wes 
tinghouse Engineers’ Assoc, EAS, peti- 
tioned to represent 233 professional 
employees. But the NLRB tacked 
onto the petition the names of 9 
admittedly non-professional employees. 
WEA took the board to court claim- 
ing such inclusion of non-professionals 
during an election flouted implicit pro 
visions of the T-H Act. 
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COMING EVENTS 


February 


3-5 . . . Socicty of the Plastics Industry, 
14th Annual Technical and Management 
Conference, Edgewater Beach Hotel, Chi 
cago. 


6-7 . University of California, 11th An 
nual Industrial Engineering Institute, 
Berkeley and Los Angeles Campuses 


23-26 . . . American Society of Mechani 
cal Engineers, Symposium on Thermo 
physical Properties, Purdue 
fayette, Ind 


Univ, La 


25-26 US Atomic Energy Commis 
sion and Kansas State College, Midwest 
Industrial Radioisotopes Conference, Kan 
sas State College, Manhattan, Kansas 


March 
3-5 Institute of 


American Institute of Electrical Engineers, 


Radio Engineers, 


Association for Computing Machinery, 
1959 Western Joint Computer Confer 
ence, Fairmont Hotel, San Francisco 


8-11 .. 
Engineers, Gas Turbine Div, Engineering 
Conference and Exhibit, Netherlands-Hil 
ton, Cincinnati, Ohio. 


American Society of Mechanical 


9-12 . . . American Society of Mechanical 
Engineers, Aviation Conference, Statler 
Hilton, Los Angeles 
16-18 Society of Automotive 
neers, National Passenger Car, Body and 
Materials Meeting, The Sheraton-Cadillac, 
Detroit, Mich 


Engi 


31-2 2lst Annual American Power 
Conference, Hotel Sherman, Chicago 


Chinese Issue 
Export Catalog 


Pexinc—The China National Import 
Corp is circulating an English lan- 
guage export catalog describing a line 
of machine tools and allied equipment 
(hough the brochure is probably pres 
tige effort rather than a bid for actual 
sales, it is written in impeccable Eng- 
lish, and possibly foreshadows trade 
ambitions with the West. 

The five sections of the catalog 
cover machine tools; electric motors 
and control gear; internal combustion 
engines; pumps, compressors and pneu- 
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matic tools; small tools and miscel- 
items including crushing 
machinery, handling equipment and 
woodworking machines. 

In the machine tool section, the 
brochure lists 23 lathes, 18 grinders, 
11 milling machines, 13 drilling ma- 
chines, 5 gearcutting machines, 4 bor- 
ing and milling machines, 9 presses 
and shearing machines and a series of 
guillotine machines. The lathes range 
in variety from a 146 by 550 mm 
bench lathe to a 10-ft Ming Ching 
Model F’ machine. The latter possesses 
geared head, motor drive, quick change 
gearbox, vee bed, hollow spindle, and 
260 mm center height with 1830 mm 
between centers. Spindle bore is 54 
mm. are 12 spindle speeds 
from 12 to 512 rpm driven by a 4.5 
kw motor. The catalog gives no prices 
1 delivery information. 


laneous 


There 


Machine Translating 


Chinese 


Vienna—The Soviets hope to solve 
the problem to translate the intricate 
Chinese characters into the Cyrillic 
alphabet using a machine similar, but 
more complicated than the function 
ing English-Russian machine. 
Moscow just announced that work 
on the general problem of automatic 
1955, and was 
Institute of Precise 
Computation Me- 
chanics and the Institute of Scientific 
the Academy of 
work done thus far 
in English-Russian 


translation began in 
conducted at the 
lechniques and 


Information of 
The 
mostly 
The machine consists of 
5,000 Russian and English 
words, making it possible to translate 


sciences. 
has been 
translation 


about 


long sentences and whole pages. 

Work has now begun on automatic 
translation from Chinese into Russian, 
and the Soviets claim satisfactory 
results have been obtained 


GM Gas Turbine in Engineering 
Development Stage 

The gas engine 
demonstrated in General Motors’ Fire- 
bird III is being tested in a Cadillac- 
built M-56 lightweight military 
tank according to GM Research Lab 
Engineering Development 
Dept, indicating a competitive future 
for the GT-305 in the heavy duty 
commercial, military vehicle field. 


Derrrort turbine 


oratories’ 
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READER TO EDITOR 


Protect US Patents Abroad 
To the Editor: 


I understand that there has been discus- 
sion recently to modernize international 
treaties relating to patents. In view of 
the fact that large amounts are being paid 
by the USA in royalties to foreign coun- 
tries and smaller amounts are being re 
ceived from them, it seems timely to 
protect US interests a lot better than we 
do now 

Now that Europe has recovered with 
US help, it does not have to be spoon- 
fed any more, and the rights of US in- 
ventors should be more on par with the 
rights which the foreign inventor enjoys 
here. More reciprocity seems in order. 
It appears reasonable to reciprocate in 
‘““working requirements,” period of patent 
protection, and not to forget the yearly 
taxes imposed on US patentees. 

These changes would go a long way in 
the direction of abolishing these nuisances 
abroad, because a simple calculation would 
show to many countries this would be 
economical to them too. The Patent 
Office surely can use the money. Admin- 
istration of fee collection would be sim- 
ple because failure to pay up would invali- 
date the rights of a foreign patent-holder 
here —Freperick Netrer 

New York City 


Handwriting Analysis Rebuked 
lo the Editor: 


Sorry to spoil the fun related to the 
recent exchange on handwriting analysis, 
but this might restore some confidence 
in personnel people. The Prudential In- 
surance Co made a study to see if 
graphology is valid in predicting the per- 
formance of salesmen. Dr. Ulrich Sonne- 
mann’s results in this investigation could 
produce no predictive conclusion 

You can see that research methods can 
and are used by the social sciences, as 
well as the physical sciences. Although 
many agree that scientific tools should 
be tried more extensively, patience is 
needed. —W H GraHaM 

Kaiser Aluminum & Chemical Sales Inc 


Don’t Name Product After Inventor 
To the Editor: 

In your Dec 22 issue of PRODUCT 
ENGINEERING, p 28, appeared a letter, 
“Name the Product after the Inventor.” 
Might I ask why the writer does not agree 
with the present method used by com 
mercial companies? 

1. Who appropriates the capital for 

the design and development of a 
project? 
Who then, should have the voice as 
to whose name is listed as the in- 
ventor or whether his name is made 
public? 

. Any inventor that I am acquainted 
with receives his glory and satisfac 
tion from having accomplished the 
“impossible.” 


would 
recogn! 


4. Any inventor that I know 
rather receive the official 
tion through his salary check 
Dalton’s Law, Diesel engine, etc are 
all right for these easy to spell and 
pronounce names. 

Let us not advocate a “new look’’—for 
Czarnikow Sputnik would not be so easy 
to master. For that matter neither would 
Oettinger Germanium Generator 

—Cari L. Wesper 
General Photronic Co 


Plymouth, Fla 


Slide Rule Wax 
To the Editor: 

On page 38 of you Dec 1 issue I read 
about A. E. Newton and his trouble with 
slide rules. It appears to me that the 
sliding parts of his slide rule need adjust- 
ing or a touch of wax. I have used the 
eraser end of a pencil for some years by 
pressing it against the stationary part and 
rolling against the crosshair at the straight 
surface. The action at the spring end 
would tend to slant the crosshair. I have 
been using my slide rules since sometime 
in 1930. —Grorce H. Frost 

Haverhill, Mass 


Upholsterers Hammer 
To the Editor: 

In the Reader-to-Editor column Dec 22 
p 28, a letter from W. Richard Marsh of 
Edinburgh illustrated a special hammer 
used by upholsterers in Birmingham, Eng 
land. This reader is surprised that the 
standard upholsterer’s hammer is available 
in most good hardware stores was un 
known to you —J. C. Berney 


Costa Mesa, Calif 


lo the Editor: 

I was interested to see the letter from 
Mr. Marsh of Edinburgh on this subject 
This method of drivng tacks has been 
used by upholsterers (we call them trim- 
mers) in this country for many years and 
it is popularly supposed that experienced 
workers are able to knock off for lunch 
with a mouth full of tacks, eat their lunch 
and go back to work again immediately 
afterwards using the tacks that have re 
mained in their mouth all the time 

There are occasionally accidents in 
which tacks are swallowed and the writer's 
experience twenty years’ ago in a large 
body plant, established the fact that it 
was cheaper to put in our own X-Ray 
plant to examine suspects rather than to 
pay transport and examination fees at the 
local hospital. 

The remedy for swallowed tacks was 
simple and infallible. The victim was given 
a sandwich of cotton wool in bread and 
butter to eat. This wrapped itself round 
the tacks making them harmless and a 
further X-Ray in twenty-four hours or so 
soon showed that nature had done her 
work and no ill effect was suffered. 

—A. H. van Hooyponk, 
Managing Director 
Exactor Ltd 

Edgware, England 
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By THE READING LABORATORY INC 


Bn the past four of these six articles, 
you have learned techniques for im- 
proving both reading speed and com- 
prehension: Read phrases rather than 
single words; pre-read, skip and skim; 
keep your purpose in mind while you 
read; ask questions and anticipate in 
to become involved with your 
idjust reading rate and 
method to the difficulty of the mate 
rial 


ordet 


reading; 


s also essential, 
works 
stantly to improve it further. He is a 
satished 
but 

evaluate statements and ideas 
the efficient 
marize, 


4 good vocabulary 


and an efficient reader con 


“critical” reader, not with 
ready to 
Finally, 
able to sum- 


a pattern of major 


understanding alone, 
reader is 
retaining 
than 


ideas rather a collection of iso- 


lated facts 


You cannot become a skilled reader 
without a well-rounded vocabulary. If 
you unfamiliar word 
while reading, try to determine the 
meaning through the context of the 
sentence and put a light check mark 
in the margin 


come across an 


Then, when you have 
finished reading the article, look up 
the definition in the dictionary. Try to 
use the word yourself, in your everyday 
speech. If you are investigating a new 
field, where you may be coming across 
the same words again and again, keep 
a list with definitions and the context 
in which you first encountered each 
word. This practice will help you to 
develop and retain a better reading 
vocabulary 

The 


sense, a vicious circle. 


vocabulary situation is, in a 
For the more 
you read and acquire new words, the 
easier reading will become for you. 
You will be able to recognize phrases 
more quickly accurately. The 


faster and easier the reading process, 


and 


LESSON V... 


FASTER READING 


the more vou will read. And so the 


process ZOCs. 


Adjust pace to the purpose. An aut: 
mobile has 
purposes 


several gears for several 


hill 


ing, driving on slippery ground and 


low for power climb 


rough places; high for ordinary roads 


overdrive for speed—deserted roads 


You 


your reading gear in the same way, ac 


and superhighways can adjust 
cording to yout reading 
and the difficulty of the material. After 


pre-reading, determine which reading 


purpose in 


rate to use 

LOW GEAR (painstaking, thor 
ough reading): Important and difficult 
Reading 
in another field for material which you 
the 
strange to you. 

HIGH GEAR (normally fast read 
Fairly routine articles in 
field. Nontechnical but impor 
tant topical material. Departments in 
PRODUCT 


new concepts in your field 


need, terminology of which is 


ing): youl 


own 
ENGINEERING (slowing into 
low when an item is particularly im 
portant to you 


OVERDRIVI 


ming) 


skim 


ilready 


skipping, 
Reviewing material 
familiar to you. Searching for a pat 
ticular fact in otherwise irrelevant ma 
terial. Fast glimpse of main ideas in 
an article 
you. 
urn to the Table of Contents on 
page 3 which 


gear” you would use with each articl 


that is reasonably easy for 


and decide reading 


Practice changing gears 


Evaluate everything you read. ‘I her 
are three ways of evaluating nonfic 
tion. First, distinguish between reports 
and judgments 
verifiable 


A report is a simple, 
tact; d 
own 


jud : 


i’ 


statement of 
the 
based, when valid, upon previous state 


ment is author's opinion 


ments of tact. You must be careful not 
to accept a judgment as a report. Many 
juthors, consciously or unconsciously, 
will try to persuade readers by mas 
querading one or many of thei judg 
ments as reports. 


Next, 


judgment on the basis of your experi 


evaluate every report and 


ence and the information that is avail 


This is 


ternal evidenc« 


ible to you evaluating on ex 
Finally, evaluate us 
ing internal evidence—the context of 
the article. Make that all facts 
are relevant and that each judgment i 
based on fact 


sure 


In other words, make 
sure the author has a valid argument 


Acquire the summarizing habit. A 
collection of unrelated facts is of littl 
value. But a background of integrated 
knowledge is your most valuable tool 
Practice summarizing in writing, until 
it has mental habit. Jot 
down the main idea of each paragraph 
as you read. When you finish, you'll 
have an ’ 


becom da 


introductory statement, th« 
main ideas, and a summary statement 
all in one concise paragraph. ‘This pro 


vides a framework for ideas 


your 
which you then can retain more easil\ 

Summarizing is a further aid to con 
centration, the 


you to 


since summarizing 


think 


stantly about what you are reading 


process requires con 
You will learn to recognize main ideas 
and their relationship to one another: 
as well as to distinguish main idea 
from insignificant details 


All of 


of the efficient reader 


these habits are characteris 


tic Faster read 
ing rate, better comprehension, an in 
creasing vocabulary, reading methods 
idjusted to purpose, 
tion of 
habitual 
these 


our reading skill 


constant evalua 


reports and judgments, and 


summarizing—practhice in 


turn into invaluable parts of 


A more complete discussion of all aspects of reading improvement, plus practice exercises, is avail- 
able in the book Cut Your Reading Time in Half, written by The Reading Laboratory and available for 
$1.25 from its publisher, Developmental Research Institute Inc, Dept E, 500 Fifth Ave, New York 


36. 
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To reserve a free reprint of this series write “Reading Lessons” on reader service card. 





Are your seals or bearings subject to difficult 
operating conditions? 


GRAPHITAR has the 


(Carbon Graphite ) 


specific 


properties needed in difficult 
applications like these... 


THE MOST IMPORTANT BEARING 


Dependability is vital in the power plant 
of the Navy’s atomic submarine U.S.S. 
Nautilus which has steamed a total of 
about 50,000 miles of which approxi- 
mately half has been submerged. In the 
reactor cooling system of the submarine, 
special “canned” motor pumps with in- 
tegrated pump and drive motor were 


developed by Westinghouse. The bear- 
ings in these pumps, which are made of 
GRAPHITAR, must withstand high 
speeds, high temperatures, high pressures 
and must operate for indefinite periods 
of time without maintenance and with 
radioactive water as the only lubricant. 
Westinghouse Electric Corporation engi- 


neers—the builders of the Nautilus’ 
atomic power-plant—find that GRAPHI- 
TAR is excellent for this difficult bearing 
application, because of its strength, dura- 
bility, self-lubricating properties, and 
chemical inertness. If your design calls 
for superior bearings, consider the mate- 
rial that worked on such a demanding job. 


THE UNITED STATES 


GRAPHITAR™ carson-crapnire * GRAMIX” sintereo meta parts © MEXICAN” ceapuire provucts * USG° srusues 
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The Bausch & Lomb Optical Co. of 
Rochester, N.Y., world renowned manu- 
facturer of precision, scientific optical 
instruments, employs 10 GRAPHITAR 
bearings in its unique and highly spe- 
cialized “ruling engine.”” The GRAPHI- 
TAR bearings provide dimensional 
stability within one-millionth of an inch 
for micro-inch accuracy in cutting 
15,000-30,000 equidistant lines to the 


GRAPHITAR is the main shaft seal in 


THE MOST EXACTING BEARING 


inch on 7” aluminized glass blanks to 
make diffraction gratings used by science 
and industry for spectroscopic analysis. 
Bausch & Lomb engineers have found 
that GRAPHITAR is unsurpassed as a 
bearing material where very close toler- 
ances must be maintained and where 
frequent starting and stopping under 
heavy loads is a problem. These bearings 
have contributed greatly to the achieve- 
ment of extreme accuracy in this applica- 
tion. If you require precision perform- 
ance as was the case with a “ruling 
engine” why not use GRAPHITAR ? 


THE MOST IMPORTANT SEAL 


air/oil seal of GRAPHITAR on the 
turbine main shaft, and this seal is sub- 
jected to tremendous shaft speeds, as 
well as other taxing physical conditions. 
GRAPHITAR parts can stand severe 
operation because they are strong and 
are virtually unaffected by extremes of 
speed, pressure, and temperature. If your 
product develops high speeds or other 
difficult physical stresses on its parts, 
perhaps GRAPHITAR components 
could give it more dependable operation. 


THE TOUGHEST 
APPLICATION 


ain. 
ror hs 


5 ct) ae 


Steel mills are famous for the rough, 
tough, heavy-duty jobs that they perform. 
In such difficult steel mill applications 
as bearings for shear and cut-off tables 
or coil and slab conveyors, metal-backed 
GRAPHITAR parts provide exceptional 
strength and durability. GRAPHITAR 
alone is a very strong bearing material, 
and when backed with metal has added 
resistance to shock. Because of its very 
low coefficient of friction, GRAPHITAR 
can operate under heavy loads at high 
speeds with no lubrication. Can the 
strength and superb bearing qualities of 
GRAPHITAR simplify your product 


design ? 


Get your copy of 
Engineering 
Bulletin No. 20. 


GRAPHITAR is compacted from car- 
bon-graphite powders under great pres- 
sures, then furnaced at heats near 4500°F. 
It can be formed in relatively complex 
shapes and ground to tolerances as close 
as .0005". For more information on this 


continental Bomber, which has eight of 
these turbojets. Naturally, the J57 must 
perform with utter dependability. One 
of the components of the J57 is the 


GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW, MICHIGAN 
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strong, light, self-lubricating engineer- 
ing material, write for our Engineering 
Bulletin No. 20. 


the Pratt & Whitney J57 turbojet engine 
which powers many of our new aircraft, 
including the huge Boeing B-52 Inter- 





«»»« CONTINUOUS PROCESSING 1960 


CAMBRIDGE METAL-MESH BELTS help you beat today’s profit 
squeeze-—-give you the low-cost production and high product 
quality needed for the competitive ’60’s! 


Combined movement and processing means metal parts, foods, 
ceramics or chemicals are processed faster, more uniformly—with- 
out costly manual handling. High product quality is maintained 
because heat, cold or liquids flow through the belt and around the 
product for thorough treatment. Cambridge Belts save on operat- 
ing costs, too. Superior belt design and manufacturing techniques 
mean longer life, fewer repairs, lower operating costs. Belts can be 
made heatproof, coldproof or acidproof—in any mesh, weave, 
metal or alloy—-with any side or surface attachments. 

Whether you're designing machinery for your own use, or for 

resale, the Cambridge Field Engineer in your area will be giad 

to discuss the many advantages of Cambridge Belts—from the 

manufacturing end to installation and service. Call him today. 


He's listed in the yellow pages under “Belting, Mechanical’. 
Or, write for FREE 130-PAGE REFERENCE MANUAL. 


The Cambridge Wire Cloth Co. 


DEPARTMENT P ° CAMBRIDGE 2, MARYLAND 


Manvfacturers of Wire Cloth, Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 
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wersatile driwe 


Adaptable to countless power 
transmission jobs 


The unique rotating piston design of 
Berry Hydraulic pump/motors as- 
sures top efficiency and long life in 
rugged industrial service. These ver- 
satile fluid drives have been proved 
in such diverse power applications 
as dredge cutter-heads, heavy-duty 
cranes, marine cable laying equip 
ment, sawmill cylinder carriage feeds 
and other uses 

Control flexibility possible with 
Berry Hydraulic Motors eliminates 
use of clutches, gears, brakes or com- 
plicated reversing mechanisms. This 
versatility makes them ideal for 
many power applications. Sizes to 
400 H. P. are available from produc- 
tion stock to give you economical 


8 


Genera! sales office: Oliver Building, Pittsburgh 22. Pa 
Southern sales office and plant: Corinth 1, Miss 


ore: 


BERRY HYDRAULICS 


A division of Oliver Tyrone Corporation 


performance under your power and 
service requirements. Mail coupon 
for catalog. Ask for a free survey of 
your power problem by our experi 
enced hydraulics engineers. Berry 
Hydraulics also offers a complete 
line of gear pumps from 1 to 76 
G. P.M., pressures to 2500 P.S.I 


NOW upto 
400 h.p. 


imstamntly 
rewersibley 


Power plus flexibility 


Maximum torque at stall 

Instantly reversible 

Carry overhung loads 

Infinite speed and horsepower variables 
Smooth, rapid acceleration and deceleration 
Dynamic braking action 


Multiple independent circuits from 
single unit 


Capacities from 5 to 400 H.P 


Pumps can be used as motors or dynamic 
brakes without alteration 





Address_ 


—————————— 


MAIL FOR COMPLETE DATA 


Berry Hydraulics 
Oliver Building, Pittsburgh 22, Pa. 


Please send complete information on Berry Hydraulics Pumps Motors to: 
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You Can’t Afford Not to use 
Here S Why: BA Single and Polyphase Motors 


with 


PROTECTORS 


KLIXON-Protected Motors are a sure way to keep today’s 
rising operating and replacement costs down. 

Built-in by motor manufacturers as an integral part of the 
motor, the KLIXON Protector saves money and reduces equip- 
ment down time by keeping motors operating at their maxi- 
mum safe capacity under abnormal conditions. They enable 
@ Elimination Of Motor Bur t you to get total output from your motors. 

Built-in KLIXON Protectors safeguard your motors and pre- 
vent overheating and motor burnouts caused by the following 
conditions — 

Prolonged overloads, unbalanced voltage, stalling, failure 
to start, increased ambient temperatures, lack of ventila- 
tion, plugging or reversing duty, single phasing. 

Specify ‘““KLIXON Protected Motors’ on your purchase 
order . . . the savings are high . . . the advantages really 
worthwhile . . . the cost is low. 

Full details may be obtained from your motor salesman; or 
write us for literature which explains the advantages of built- 
in motor protection. 


Built-in Klixon Protectors 
in Single and Polyphase Motors 
Give You These Advantages 


METALS & CONTROLS W¥t) CORPORATION 


Spencer Division 3802 Forest St., Attleboro, Mass. 


KLIxON 


26 CIRCLE 108 READER SERVICE CARD CIRCLE 109 READER SERVICE CARD-> 








AlSiMag high-alumina ceramics offer unusual reliability. 
High temperature resistance, superior insulating charac- 
teristics, great mechanical strength, resistance to abrasion, 
corrosion and chemical attack are among the advantages 
particularly important when maximum performance and 
reliability must be packed into minimum space. 
Both soft solder and hard solder terminals are available. 
A new technique is producing strong high temperature 
metal-ceramic hermetic seals. 
Precision tolerances can be maintained. Custom designs 
are made in an unusually broad range including ultra-thin 
or miniature components of unusual complexity. 
AlSiMag special purpose compositions based on alumina, 
steatite, zircon, Forsterite, cordierite, titania, aluminum 
silicate, magnesium silicate, silicon carbide and other mate- 
rials may answer special requirements. The AlSiMag 
pene of ceramic compositions is the largest in the indus- 
-- and it is backed by more than half a century of 
specialised expecience over the widest aren of design and 
production in the technical cerwmic field. Your inquiries 
will have prompt and interested attention. 





BEE: Amenican Lava 
Mansi y= CORPORATIONL 


Multiple pin headers for use in electron tubes and 
other demanding applications are made in AlSiMag 
with pins hermetically sealed. The AlSiMag ceramic 
may be safely used in working temperatures up to 
2800° F. The limiting factors are the metal com- 
ponents. The parts shown have tantalum pins with 
nickel braze alloy combined with the ceramic in a 
strong hermetic seal for operating temperatures in 
the 1000° F. range. The materials have been care- 
fully selected for ruggedness and for their low vapor 
pressure characteristics. This base and envelope al- 
low higher bake-out temperatures during assembly. 


( 








LAVA 


CHATTANOOGA 5, TENN. 


S7TH YEAR OF CERAMIC LEADERSHIP 





For service, contact American Lava aearete ntatives in Offices of Minnesota — & Manufacturing Co. in these cities (see your local 


Newt 


® Philadelphia, Pa. @ St. | s. Mo 


telephone directory): Boston 
rk: Ridgefield, N. J 
All other export: M 


Mass. @ 
New Yo 


nnesota M jy & Manufacturing Co 


Chicago: Bedford 


/ ar 


© Cleveland, O. © Dallas, Texas @ Los Angeles, Cal 
Minn. @ So. San Francisco, Cal. ©® Seattle, Wash 
99 Park Ave., New York, N Y 


* 


tional Division 
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THE BEST MACHINES | : 
MAKE THE BESTGEARS _ ') |; 


ee 





Illustrated is our latest Grinder for Spur and Helical Gears up to 72” 
diameter . . . ultra precision work table, accurate to 4.3 arc seconds total 
accumulative error . . . THIS MACHINE IS THE Most ACCURATE LARGE 
GEAR GRINDER IN AMERICA . . . Ultra High Precision Gears ground on 
this machine open new horizons of accuracy and performance of Large 
Sond for our latest 76 page Gearing for Radar, Marine, Turbine, Jet Engines, Diesel Engines, High 
Gear Book"’ — it's practically ; ; ~ 
@ weatlee on the sublect of Speed Shears and many similar applications . . . Phillie Gear has 5 
gears . . . Please use your additional High Precision Gear Grinders. 
Business Letterhead when re- In addition to 66 years experience and 3 large modern plants, Phillie 
questing a copy. Gear has the World's latest and finest machines for producing gears of 
all types and sizes, in any quantity . . . Special attention is given to 
selection of materials, machining, heat treatment, and tolerances — all 
with one thing in mind: to give you the Highest Quality Possible. 
All gears made by us are checked and tested on the very latest machines 
— and then must pass the most rigorous inspection by specially trained 
men, before shipment — There is no “guesswork” at Phillie Gear. 


Other Gears Made By Philadelphia 


}- hiladelphia Spur * Helical * Spur Internal * Helical Internal * Rack * Herringbone * Worm 
erria: Non-Metallic * Splines * Conifiex Bevel * Spiral Bevel * Zerol * Hypoid * Intermittent 
Sprockets * Contract Machine Work. 


| 


phillie gear PHILADELPHIA GEAR CORPORATION 


ERIE AVE. &G STREET. PHILADELPHIA 34. PENNA 
Offices in all Principal Cities 





INDUSTRIAL GEARS & SPEED REDUCERS + LIMITORQUE VALVE CONTROLS * FLUID MIXERS * FLEXIBLE COUPLINGS 
Virginia Gear & Machine Corp. e Lynchburg, Va. 
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PARKER-HANNIFIN FLUID-SYSTEM COMPONENTS 


HANNIFIN 


hydraulic cylinders proved best 
by drip-free test 


No oil dripping on machine, product or floor proves complete 


sealing of oil within the cylinder by our removable, replaceable 


bronze cartridge gland with the exclusive “Lipseat”’" and 


WIPERSEAL” combination. (This new-type gland is shown 
close up at upper left.) This gland not only seals better, its 
long bearing surface is inside the seals where lubrication is assured 


Other Hannifin cylinder features include ground and 


polished rods hardened to an extra deep case, then hard-chrome 
Iru-Bored” straight 


plated and polished again; cylinder walls 
and perfectly round before being honed... PptLuUs 48-hour delivery 
on most standard Hannifin cylinders whenever required 


Your nearest Hannifin sales office or representative is listed 


in the A-Z volume of Thomas’ Register. Call us in when cylinders 
figure in your designs. Or, for cylinder literature, write 


HANNIFIN COMPANY 


Des Plaines, Illinois 


515 South Wolf Road « 


A DIVISION OF PARKER-HANNIFIN CORPORATION 





Now from Pe rker 


BOTH permanent-end 
and re-usable 


hose assemblies 


FITTINGS AND HOSE 


DIVISION 


17325 Euclid Avenue 


Cleveland 12, Ohio 


You may require permanent-end hose assemblies for 
your production AND re-usable fittings with coils of 
hose for quick, trouble-proof replacements in the 
field. With the addition of Parker’s new “Krimp-lok” 
fittings, permanent-end assemblies are now available 
from Parker. They use the same Parker hoses that 
enjoy a wide acceptance when used with Parker 
no-skive “Hoze-lok” fittings in the replacement field. 

A full range of Parker adapters is also available. 

Ask your Parker Hose Distributor, listed in the 
Yellow Pages, for engineering advice and literature on 
“Hoze-lok” re-usable fittings, also Parker hose and 
adapters. Write us in Cleveland regarding your re- 
quirements for Parker “Krimp-lok” Hose Assemblies. 


= 


mg inn 


A DIVISION OF PARKER-HANNIFIN CORPORATION ——— 





ani B.F.Goodrich Rivnuts’ 
solve 3 fastening problems at once! 


A RIVET WAS NEEDED for doors of metal cabinets that 1) could be 
installed from one side only, 2) would serve as a nut plate for a knob 


© 


attachment and 3) could be installed after enameling. B. F.Goodrich Rivnuts 
proved the perfect answer. 

A flat-head Rivnut is inserted in the sheet metal door. Working from one 

side, one man can upset Rivnuts in seconds with easy-to-operate heading 

@ 3 tool. Bulge formed in Rivnut shank grips the metal tightly. The knob of 


the catch is then threaded into the clean, still-intact Rivnut threads. Rivnuts 
are installed after enameling—without marring the finish. 








B. F. Goodrich Rivnuts, the only one-piece blind rivets with threads, save 








many man-hours on the job. If you have a fastening problem, why not put 
it up to B.F. Goodrich engineers? 


Compare these 4 methods of putting screw threads in thin sheet metal: 


4 - (— 


Pierced and tapped— Projection welded— 
3 threads 4 threads Rivnuts—at least 6 threads 











Tapped—2 threads 














Rivnuts provide at least 6 clean threads in one simple operation! 

















1 Rivnut is threaded onto 2 Rivnut is inserted—head 3 Tool lever operates pull- 4 After upset, Rivnut threads 
pull-up stud of a manual or firmly against work —tool up stud, forming a bulge in ore still clean and intact, 
pneumatic heading tool. at right angles to work. the Rivnut shank. ready for screw attachment. 


SEND NOW FOR FREE RIVNUTS DEMONSTRATOR 


Demonstrates with motion how you your free copy today to B. F. Goodrich 
can use Rivnuts to fasten TO and Aviation Products, a division of The 
fasten WITH. Explains construction, B. F. Goodrich Company, Dept. 
gives proved applications. Write for PE-29, Akron, Ohio. 


B.EGoodrich aviation products 
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Metal Forming Ideas 





How to eliminate special tooling 
in the design of custom-formed parts 


Custom stampings, formerly prohibitive 
cost-wise, can now be inexpensively 


formed through the use of existing dies 
from COMMERCIAL’S “Die Bank” of 
almost 50,000 different forming die 
components 

Wheel covers for 
American Coleman's aircraft towing 
tractor. They're important for the pro 
tection of the power transter yokes in 


A case in point 


the tractor’s four-wheel drive 

Stamping was first considered as the 
best method for forming them. The 
Original low quantity involved and the 
amortization of $2,300 for special 
forming die costs, however, made the 
stamping unit costs impractical 

Ihe covers were therefore first pro 
duced as machined, malleable iron 
Castings at a cost of $8.49 per unit. A 
switch to hand spinning later reduced 
this cost to a still high $3.50 per cover 
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American Coleman then discovered 
and investigated COMMERCIAL’S “Die 
Bank” 
4” to 72” in diameter and involving 
metal thickness from 20 gauge to 


From 24 basic shapes ranging 


all available through the use of exist 
ing dies adapted to presses up to 2000 
ton capacity—emerged an entirely prac 
tical and economical solution to the 
unit cost problem 
The design A standard, dished, off 
set shape with vertical and horizontal 
flanges and dish radius equal to its 
dished diameter. The wheel cover of 
12 gauge, stamped steel now provides 
complete protection, necessary yoke 
clearance and a pleasing appearance 
Best of all, by using an existing form- 
ing die from COMMERCIAL’s “Die 
Bank”, the actual tooling charge was 
only $80 for a simple modification of 
a single die component. And the unit 





cost was slashed to a practical $2.59 
he final result: A strong, lightweight 
wheel cover with a smooth surface for 
finishing which now completely and 
economically meets all requirements 
If your component requirement in 
volves a custom-formed or unusual 
shape, and if the high cost of tooling 
prohibits its economical forming, the 
Die Bank” service at COMMERCIAI 
may be just what you've been looking 
for. There's a quick way to find out 
Just send along a blueprint, sketch o1 
prototype of your part to Commercial 
Shearing & Stamping Company., Dept. 
G-6, Youngstown 1, Ohio 


LONMMERCIAL 
Shearing & stamping 
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HEAVY DUTY BALL BEARINGS... The ball 
bearings used in these motors are of the high- 
est quality, with more than ample capacity to 


BEARINGS CAN BE RELUBRICATED .. . Original 
factory lubrication will last for years in normal 
service—but convenient grease plugs are pro- 


SECURELY SEALED FOR LOW MAINTENANCE 
Both ends of these motors have running 
shaft seals to keep the bearings clean. Beoring 


provide long trouble-free service under heavy vided to permit relubrication that adds to housings ore effectively sealed to prevent 
loads. motor life under severe conditions. escape of grease. 


Wagner Totally Enclosed Motors 
Designed to give you Extra Protection 


Here are motors that will deliver full-rated horsepower under the 
toughest service conditions—that will help you keep your production 
rates up, and give you the kind of dependable, continuous operation that 
is sO important to automation. 


| med = 1 ON Won w= 
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Type EP Motors are fully protected against damage from corrosion, 
dust, abrasives, fumes, steel chips or filings. Type JP is explosion proof 
as well—is designed and approved for use in explosive atmospheres 
Integral ratings, 1 through 100 horsepower, are built in the latest 
NEMA frames, 182 through 445 US, with ribs that add mechanical 
strength and increase the surface cooling area 

Let your Wagner Sales Engineer show you how these protected motors 
can bring you savings on initial motor costs, maintenance costs, and in 
continuity of operation. 


Branches and Distributors in All Principal Cities 


Wagner Electric Grporation 


6406 Plymouth Ave. + St. Louis 14, Missouri 


TYPE EP. 
Standard TEFC 
1 to 100 hp. 


TYPE JP. 
Explosion proof 
1 to 100 hp. 


OTHER FRAME SIZES AVAILABLE IN RATINGS THROUGH 500 HP. 
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This assortment of castings represents about half the number of new parts that go into production at Arwood’s four plants in a typical week. 


Arwood solves twice this many design problems each week! 


Could Investment Casting help you?...a prompt answer is yours for the asking 


Upon receipt of a drawing or sample of your part, Arwood 
will give you a prompt, honest appraisal, spelling out exactly 
what we propose to furnish. We will also suggest minor 
design changes that may save you money without affecting 
the part's performance. 

Arwood can handle the complete job, from design and 
tooling through to finish machining, in any castable metal 
or alloy. Arwood assumes complete responsibility . . . your 
procurement problems are at an end. 


Arwood’s four fully-equipped production plants and well- 


staffed tool rooms are geared to give fast service. Each job 
is individually scheduled to assure you of delivery of finished 
castings in the shortest time possible. 


arwood 


Large and small companies come to Arwood for quota- 
tions at the rate of fifty a day . . . without obligation. Why 
not let us help you evaluate the potential savings you may 
realize by making your part an Arwood investment casting? 


Write today for your free copy of the 
new 44-page Arwood Manual of Invest- 
ment Casting. Provides all the informa- 
tion you need to evaluate the technique 
and use it to help solve your design 
problems 


ARWOOD PRECISION CASTING CORP. 


325 West 44th Street, New York 36, New York CY 
Ye 


A complete service from design through tooling, 
production and finish machining. Sixty-two engineer- 
ing consultants from coast to coast 


PLANTS IN BROOKLYN, N. Y.; GROTON, CONN.; TILTON, N. H. & LOS ANGELES, CALIF. 
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Want to be 
an Executive’? 


Management is actively looking for engineers who 


have the desire and ability to become administrators 


by 


James M. Jenks 


In a sense, this is the golden age for 
engineers. Once buried in corporate 
obscurity, many of them have emerged 
today as likely heirs apparent to the 
big jobs—and the big rewards —of 
business and industry. One impressive 
indication of this growth is that money 
spent in research and development 
over the past fifteen years has in- 
creased six-fold. 

Despite this stepped-up activity, 
however, the once disorganized 
scramble for engineers seems to have 
ended ...at least temporarily. And 
perhaps it’s a good thing. Actually, 
the more perceptive engineers had al- 
ways realized that unusually high 
starting salaries were often illusory. 
The gap between money being offered 
beginners and the incomes of experi- 
enced men was narrowing rapidly. 
Further, more and more thinking tech- 
nical men concluded that even top 
engineering salaries are low when 
compared with the remuneration of 
highly placed general executives. 

A Plan to Help 
the Engineer Succeed 
Happily, there is a route to increased 
incomes that is satisfying to both en- 
gineer and company alike. This route 
leads into management. It is no easy 
road but the rewards are great for 
those willing and able to follow it. 
In the vast, complicated wor!d of 


business the engineer has much tolearn. 
As a manager his duties will bring him 
into contact with accountants and buy- 
ers, advertising men and salesmen, 
lawyers and other executives. A 
strange new set of circumstances con- 
fronts him. He must gain confidences 
and be understanding, learn and in- 
struct, be sympathetic, paternal or 
commanding as conditions require . . . 
and all in the midst of a business or- 
ganization about which his knowledge 
is limited. 

Actually, it comes down to this 
To succeed as a business executive, 
the engineer must learn the art of mak- 
ing decisions quickly and accurately 
And this ability is, of course, directly 
dependent upon knowledge. The 
“principles” of business—while not 
as scientific and inexorable as those of 
engineering—are no less important 
no less essential to efficient procedure 

For nearly fifty years, the Alexan 
der Hamilton Institute has specialized 
in bringing this knowledge to mature 
men—at home in their spare time. 


Free... “Forging 
Ahead in Business” 


We do not claim that you must have 
the Alexander Hamilton Course in 
order to succeed in business. But we 
do say that you cannot succeed with- 
out what is in the Course! 
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All the Institute does is offer you a 
convenient and time-saving means of 
bringing this knowledge to you in your 
spare time; and in a form that has 
proved to be practical and effective. 

So that you may judge for yourself 
whether or not you think the Institute 
can help you, we have published an in- 
formative 48-page book titled “Forg- 
ing Ahead in Business.” 

We believe that this little book will 
help any man get down to bedrock in 
his thinking; however, there’s no cost 
or obligation for it because—frankly 

we've never been able to put a price 
on it that would reflect its true value 
Some men have found a fortune in its 
pages. 

If you would like a complimentary 
copy of “Forging Ahead in Business”, 
simply sign and return the coupon be- 
low. It will be mailed to you promptly. 


| ALEXANDER HAMILTON INSTITUTE 
Dept. 117, 71 West 23ed St., N. Y. 10, N. Y 


In Canada: 57 Bloor St., W., Toronto, Ontario 


Please mail me, without 
48-page book 


“FORGING 


cost, a copy of the 


AHEAD IN BUSINESS 
Name 
Firm Name 


Business Address 
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stitching 
together 
a giant 
radome 


Radome designed and built by Long Sault 
Woodcraft Limited, St. Andrews East, Quebec, 
for the United States Air Force RADC 


Radar antennae along the upper perimeter of North 
America’s defense system are enclosed by protective 
domes which stop ice, snow, and gales up to 150 mph. 

This precisely engineered pattern of fiberglass 
panels is erected quickly and surely, under the most 
adverse field conditions, using recessed Simmons 


DUAL-LOCK fasteners. 


DUAL-LOCK is ideally adapted to panel fastening 
for military shelters, demountable shipping contain- 
ers, aircraft cowlings and guided missiles. 


Features: 

e High load characteristics. The standard No. 1 
DUAL-LOCK withstands 2500-lb. tension, and with 
modifications, tension loads of 7000 lbs. and over. 

e Double-acting take-up provides great closing pres- 
sure, with minimum pressure on operating tool. 


Looking upward from the inside of the world’s largest 
stressed skin sandwich radome built of translucent fiberglass panels, 
securely joined by hundreds of DUAL-LOCK fasteners. 


e Positive-locking. Trigger action insures fully open 
and fully closed positions. 

e Vibration-proof and impact-proof. Will not acciden- 
tally unlock or loosen. 

Write for catalog 1257. Complete specifications, 

drawings, details of DUAL-LOCK and other Simmons 


Fasteners with unlimited money-saving applications. 


all 


SININONS FASTENER CORPORATION 


1751 North Broadway, Albany 1, New York 


QUICK-LOCK SPRING-LOCK DUAL-LOCK 
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See our catalog in Sweet’s Product Design File 


ROTO-LOCK LINK-LOCK HINGE-LOCK 
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PERSRECTIVES 





in design and development .. . 


Needed: Wanted—a corps of measurement specialists to provide the many instru- 
mentation and measurement techniques needed to solve the battery of 
Measurement special scientific and engineering problems in today’s research. These 
Specialists professional measurement scientists would, according to Dr Allen V Astin, 
director of the National Bureau of Standards and proponent of the plan, 
reduce the inefficiencies that take place when a nonspecialist takes time 
out to learn the business of precision measurement, where, he says flatly, 
“it is possible to select almost any point from basic research to production 

and say that it exists on the edge of precision knowledge.” 

Take the area of the newer basic scientific investigations. Dr Astin says 
novel measurement techniques have been developed in the nuclear field, 
but much of today’s confusion has been compounded by seemingly con- 
tradictory observations. Another “basic frontier” of measurement is in the 
field of ionizing radiation, i.e. plasma physics. lonized gases show great 
promise as sources of tremendous power and as envelopes for great 
natural furnaces, says Astin, but it is apparent that in this field theory is 
running well ahead of measurement capabilities. Main obstacle: lack of 
precise techniques for producing, controlling these phenomena in the lab. 

The area of “free radicals” also depends directly upon the future refine- 
ments of measurement techniques. At present, NBS is cooperating with 
scientists from industry in working toward such measurement. 

There are many measurement problems in the established fields of 
science. But Dr Astin feels the popular look at research does not reveal 
the fact that some of the most profound problems facing science are those 
related to achieving higher precision where substantial precision already 
exists. For example: in spite of gains made in the field of spectroscopy, 
which have provided the basis for most of our knowledge of the molecular, 
atomic and nuclear structure, there are many problems whose solution 
would be accelerated with improved measurement techniques, such as with 
the beta ray or infrared spectroscopy. 


Time. Temperature Time-measurement techniques is another area, says Dr Astin. The cesium 
, beam and masers permit measurement of extremely short intervals, or 
and A ulomation minute rate changes over long periods. Dr Astin says, “It soon may be 
possible to put a sufficiently sensitive atomic clock in a satellite to make a 
direct check on the postulate from the general theory of relativity con- 
cerning the influence of the gravitational field on atomic process.” 
Temperature measurement is still another problem. Under controlled 
laboratory conditions, NBS can measure “with some confidence” up to 
6000 C. “Yet today,” Dr Astin says, “we are talking about million-degree 
temperatures and the possibility of controlled-fusion furnaces.” Measure- 
ment at the extreme opposite end of the scale is similarly difficult. 
The field of automation is a bright one, Dr Astin feels, but is still a 
frontier. Automation equipment more often than not is short of perfection, 
Computational and control techniques must be developed as well as a 
rational system of interrelated instrumentation for total automated control. 
In the area of established technology, the problem of component reli- 
ability faces an increasing number of parts and components in new equip- 
ment, particularly missiles. These are just a few areas of importance. Dr 


Astin can list many more. Paul Anderson 
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Another Tinnerman Original... 


Tinnerman Push-On SPEED NUTS’ 
fasten with a “bite” that can’t shake loose 


In a split-second, this low-cost Tinnerman Push-On 
Speep Nut arches its spring-steel back, then bites 
hard to make a positive attachment on unthreaded 
studs, rivets, tubing, nails, jewels, small housings. 


Application is easy—finger pressure starts it; a 
push with a simple hand tool locks it under live 
spring tension. No threads to worry about, no spot 
welding, no riveting, no special inserts, bushings 
or washers necessary. Elimination of extra parts 
and assembly operations may save you up to 50% 
or more in fastening costs. 


Push-On Speep Nuts lock on everything from 
thermoplastics to die-cast, chrome-plated steel. 
Hundreds of variations to fit any shape or size stud 

from very small diameters to larger rectangular 
shapes. Some Push-Ons have “caps” that cover 
exposed shaft, axle or stud ends. 


Check Sweet’s Product Design File, section 8-T. 
Or look under “Fasteners” in the Yellow Pages and 
call your Tinnerman representative for complete 
information and samples. Or write to: 


TINN ERMAN PRODUCTS, Inc. 
Dept.12 + P.O. Box 6688 + Cleveland 1, Ohio 


TINNERMAN 


Speed. Nuts’ 


FASTEST THING IN FASTENINGS® 





CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocesseries Ltd. Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecano-Bundy GmbH, Heidelberg. 
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_.. It's what we know that ain't so’ 


In Athens, Dr. Derek J. Price of Cambridge, England, has just identified an 
object brought up from the depths of the Mediterranean on Easter Day, 
1900, by a sponge fisherman. Resting in the Greek National Museum as a 
curiosity, it turns out to be a highly precise mechanical model of our solar 
system. Intricate gears, turned by a small crank, keep the sun, moon and 
planets in proper relative position when they are rotated. Yet the model 
was made in 65 BC—2000 years ago! 

As Dr. Price says, “Finding a thing like this is like finding a jet plane 
in the tomb of King Tut.” What happens to all those stories about Watt 
inventing the crank, the relatively recent development of gear engineering, 
and the painstaking series of discoveries that supposedly gave us out 
knowledge of the solar system? So Christopher Columbus turns out to be 
little more than a copyist with his “world is round”, as well as only a later 
visitor to our shores—preceded by Phoenicians, Norsemen, and who knows 
who else! 

Such discoveries are disquieting, because they strike at the basis of out 
knowledge—the first “facts” we learned in school. Gradually we come to 
learn how many pieces of knowledge that supposedly we thought were the 
discoveries” of our civilization are actually only rediscoveries of knowledge 
lost in the series of conquests and dark ages our earth has undergone 

As the latest Russian addition to our solar system makes its endless 
orbit around the sun, will it meet other satellites put there by man? Will it 
meet other space ships of earlier civilizations, or of other worlds, perhaps 
long gone? Has it carried some earth-born virus free of our atmosphere so it 
can flourish in outer space? If so, will it wipe out competing forms of "'life 
as measles and other diseases of the “civilized” white man wiped out 
“primitive” peoples when we “discovered” them? Or are there just too many 

stars” outside our minor galaxy at the edge of the Milky Way? 

hese were all fantastic questions a year or two ag hey are no longer, 
for we begin to see how very little we really know. Our education may 
have helped close our eyes to fact as much as it supposedly opened them 
for most of our time is spent learning the things that cannot be done, 
because no one before us could supposed] do them 

Many of these negative “facts” were learned by observation—and we 
know now that observation can be faulty too. The things we see “with our 
own eyes” may not be so either. For a simple example, take the case of 
the giraffe. Our West Coast editor recently sent me a lyric statement that, 
contrary to what I’ve seen with my own eyes, a giraffe’s front legs are only 
as long as his hind ones—his body is so much thicker in the chest, and th« 
legs “‘attach” so much lower down, that the obvious visual inference is the 
wrong one. A couple of zoologists I know had made the same visual error as 
we laymen, so it’s nothing to be particularly ashamed of. But it is something 
to think seriously about in our bland acceptance of a whole series of “facts of 
life’. If we can’t even observe a giraffe correctly, why should we assum« 
our other observations are sound? And we can smile no longer at that old 
fable of the blind men and the elephant 

Abe Martin said it once, some years ago, with: “It ain’t what we know 


~ 


that’s important, it’s what we know that ain’t so 


Fangeanee. 





1 peenber Makage . . 


employed as function generator, Angular positions of links b and d corre- 
spond to desired function, y = f (x). 


better 
than 
trial and error. . . 


GRAPHICAL 
SYNTHESIS 


of FOUR-BAR LINKAGES 


The author's methods simplify the development 


of linkages to generate specific functions. 
Also supplied are working examples that illustrate the 
three basic problems and show how to solve them. 


ROLLAND T HINKLE, Professor of Mechanical Engineering, Michigan State University 


Something better than the textbook method is needed 
when designing a four-bar linkage with a definite appli 
ion in mind. Instead of starting with proportions 

i linkage, then deciding what it will do, you can use 
ynthesis: the required motion is specified first and the 
ippropriate linkage then determined by a_ planned 
approach (as contrasted with trial and error). 

Synthesis can be either graphical or analytical. ‘The 
trend has been to analytical synthesis because of the 
accuracy required in most function-generating applica 
tions, such as computers. But graphical synthesis, on 
which little has been published in English, gives sufh 
cient accuracy for many applications. Moreover it gives 
1 better feel for the mechanism—it shows what actually is 
taking place 

Because a variety of functions can be generated, it 


is more practical not to depend on a single, over-all pro- 
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cedure Hence, a choice of three basic methods that 
can lead to a good solution are given here, along with 
examples. In each a 4-bar linkage is called on to gen 
erate approximately, but over a specified range, the func 
A typical linkage, Fig. 1, has one fixed 


link a, and one acting as a coupler, c. 


tion, y=—1(x 
Ihe angular posi 
tions of links b and d then represent the variables. ‘The 
design is made by specifying a number of exact positions 
that satisfy the functions: for example when link b 

at D,, link d is to be at C,. Usually the linkage will not 
generate the function exactly between these points—but 


iumong the methods one will give a workable answet 


I—METHOD OF PERPENDICULAR BISECTORS 


A 4-bar linkage is to satisfy three precision points 
D,C,, D.C, and D,C, shown in Fig. 2(A). 
Thus when link b is at position BD,, link d is at EC,, 
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2 Perpendicular-bisector method . . . 
satisfies three positions of links b and d. Problem is shown 
in (A), construction details in (B), and final linkage positions 


at reduced scale) in (C 


et Some umptions must be made to get started 

These are: the lengths of links a and d, and the initial 

ngle @, for link d 
Che linkage 


vhich stationary link a is permitted to move (because 


ilready been assumed), and link b is fixed 


constructed with the aid of inversion 


length has 

iny one of its three precision points 

Construction details are shown in (B Link a is 
laid out, then link d is laid out at the known angle 6 
This gives point C,. Now link a is shifted an angle wu 
to position BI Angle w 
xckwise because of inversion 


is measured clockwise instead 
of countercl Laying out 
ingle @, and the length of link d locates point C,,. 

laying out angles 


[his procedure is again repeated 


ind @, locates point ¢ The three points, C,, C, and 
Point D, is now 


located by drawing the perpendicular bisectors of C,C, 


C, determine a circle with center at D, 
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3 Function generation . 
of power curve shown in (A) performed by 4-bar linkage; posi 
tion requirements are laid out in (B), construction details in 


C) and (D 


tion using slope method is too close to ideal curve to p 


First solution, dotted in (A), is unsatisfactory. Solu 


>t 


me Cf: Th 
BE.C.D 
inkage with link a fixe 


( 1 the th 


] nit 
ind the init 


| I¢ 
Special Case—Function Generator 
A +-bar linkage l t 


function y x 


ponding to 


points at |, 

through 50 

The linkage is to 
en ingle range 
eprt ented b 
ind y which 
represented by an; 


he equation 2 








lal 


4 Linkage layout . 


for angle-bisector method shows desired positions (A), construc- 


tion details (B), final linkage positions (C 


5-1 
.-(Si)o4 


( 29.366-1 ; ; 
\ 50 - 


Substituting these values for x and y in the original 
equation gives 


_ soinel(s 1)" 


Graph of this equation is plotted in (A) of Fig. 3 
The precision points corresponding to x = 1, 3, and 5 are 
d, 0°, Ww, 0°: od 50°, whe 15.8°: ¢, = 100°, 


Ws SU". 


determined as follows 


hese values are shown in (B) where it is assumed that 
the function increases as b moves in counterclockwise 
direction. The assumed orientation of the precision 
positions for link d is indicated by the 85° angle. 

Construction details are shown in (C) of Fig. 3 where 
inversion about link b was again arbitrarily chosen in 
the second position. Lengths for links a and d were 
arbitrarily chosen as BE, and E,C,. Point C, was located 
by rotating link a 34.2° clockwise while maintaining the 
85° relative position of a and d. The arbitrarily chosen 
length of d is also maintained; thus E,C,=E,C,. Point 
C, is located similarly. Perpendicular bisectors of C,C, 
and C,C, intersect at D,, giving the desired linkage, 
E.BD,C,,. 

The linkage is now shown in Fig. 3(D) with link a 
fixed and link d moving through its 100° range. The 
values of w for each 12.5° increment of ¢@ have been 
plotted in (A). From this can be seen that the linkage 
is not satisfactory; in fact, the third precision point is not 
even reached. The reason is seen in (D). The joint at 
D, must be disconnected, then reconnected at D", to give 
the correct precision point. This change, of course, 
would affect the other positions; hence an unsatisfactory 
solution. A new ratio between links a and d must now 
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be chosen and the procedure repeated. Another way 
is to select new precision points, (see the next example). 

Thus there is no guarantee that the linkage can even 
move from one precision point to the next. Very few 
functions can be generated exactly. Shaffer and Cochin 
(“Synthesis of the Quatric Chain When the Position 
of Two Members Is Prescribed,”” ASME paper 53-A-144) 
have derived a differential equation which they call the 
compatibility equation for the 4-bar linkage. With this 
equation it is possible to determine whether a given 
function can be generated exactly over a finite range. 
Further, if the function is compatible, these two authors 
give equations for designing the linkage. But most 
functions are not compatible over a finite range. A 4-bar 
linkage will generate exactly only certain transcendental 
functions 


1I—ANGLE-BISECTOR METHOD 


It is often more desirable to have a linkage that will 
closely approximate the desired function over the entire 
range than be exact at only a few points. For example, 
the middle point of the previous example is shifted, 
resulting in: ¢ = 100°, , = 50°; &, = 37.5°, de = 10.3°; 
¢s = 0°, ¥% = 0°. The initial angle for link d is chosen 
that the extension of link a bisects the angle between 
one pair of points—in this case, angle C,EC,, (A) of 
Fig. 4. This avoids assuming a length for link d, as 
was done in the previous examples. 

Solution is shown in (B). Length of link a is arbitrarily 
chosen and laid out. Angles 10.3° and 39.7° determine 
points E, and E,. Two 130° angles can now be laid off 
to determine point C,. This is because of symmetry 
resulting from bisecting the angle—causing C, and C, to 
coincide. This is called point-position-reduction. 

Length of link d is now known and C, is located by 
making EC,= E,C,. Point D, can now be arbitrarily 
chosen on the perpendicular bisector of C,C,. This 
will give a solution. 
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A closer approximation to the ideal function can be 
obtained by choosing a fourth precision point which will 
give a second perpendicular bisector—its intersection with 
the first giving a definite location of D,. 


HiI—SLOPE METHOD 


A good approximation can be obtained by specifying 
the slope at one of the precision points (in this example, 
it is the second precision point. ) 

Assuming the same function-generator problem, and 
its equation, the derivative of the equation Is: 


dy (1.7627) (2.1) ( ) 
= S — +1 
do y 25 


Substitution of ¢ = 37.5 in the above equation gives 
dw/d¢é = 0.4055. 

Now, it is known that in 4-bar linkages the ratio be- 
tween velocity of driver and follower is inversely pro- 
portional to the segments which the line of transmission 
(the coupler link ¢ extended) cuts on the line of centers. 
This point of intersection M is also the instant center 
of links b and d. Then 

dy Ww EM 
dé we BE + EM 

Point D, in Fig. 4 (B) can now be located by the slope 
method. Assuming a length for BE = 6 in. then from 
above equation, EM = 4.09 in. After plotting M, a 
line is drawn through C.M, intersecting the perpendicular 
bisector of C,C, at D 
age, which now satisfies three precision points plus one 


0.405 


[his completes the desired link 


slope. The method has given results within 4° accuracy 
The linkage in the three positions is shown in (C 

The reason why second precision point was changed 
from that of the example in Fig. 3 is now apparent. If 
link d and the extension of link a coincide, the solution 


is indeterminate 


Velocity-ratio analysis 

The velocity-ratio theorem can serve to indicate the 
slope of the function that the linkage can generate. For 
example, the linkage shown at (A) in Fig. 5 can generate 
the curve (B). 

At position D, of the input link b, link c intersects 
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5 With slope method ... 
derivative of desired curve is 
inversely proportional to di 
vided segments of link ¢ 


the line of centers at M,, giving 
d rotate in opposite directions when M lies between the 
centers) of BM,/EM At position D, links b and « 


ire colinear giving a zero slope; thus a small displace 


1 negative slope b and 


ment of b will not cause an appreciable displacement of 
d. At D, the coupler is parallel to the line of centers, 
making M,B = M.E, which gives a slope of one. As b 
approaches D,, a small displacement of b will cause a 
large displacement of d, and in the limit when c and d are 
colinear, the slope is infinite. This is a theoretical limit 
ind cannot be reached in practice 

Some rules can now be developed by analyzing Fig. 5: 

e A positive slope requires that the coupler (link c) 
intersects the line of centers (BI 


e A slope of 1 requires that the coupler be parallel 


yutside of the centers 


to the line of center 
e A negative slope requires that the coupler intersect 
the line of centers between the centers 
e A slope of —1 require 


the line of center midway between B and E 


that the coupler intersect 


e Zero slope means colinearity of input link and 
coupler 

© An inhnite 

uupler be colinear (the theoretical limit 


slope requires that the output link and 

Ihe graph of a function can then be examined to de 
termine some of the characteristics of the linkage Co 
rdinates of a point on the graph give the relative angulat 
displacements of links b and d, and the slope gives the 
point where the coupler intersects the line of centers. In 
some cases it will be obvious that a 4-bar linkage cannot 


even approximately generate the function 


REPRINT of this article can be obtained for your reference file 
by checking E65 on one of the Reader service cards bound in 
this issue. For further reprints available see “Current Reprints” 
listing in this issue on page 96 


EDITOR’S NOTE: For every linkage there are two substitutes 
that will produce same desired motion. See “Roberts’ Law Helps 
You Find Alternate Four-bar Linkages,”’ Oct 27 ‘58, p 54 

Often overlooked is the importance of good joints. For a 
survey of available types, see “Linkage Joints,” Dec 8 ‘58, p 87 

If a linkage is to perform only upon demand, a clutch can be 
avoided by employing a roll cam to do the job. See “Rolicams 
—They Stop and Go on Demand,” Jan 19 ‘59, p 68 
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COPPER ALLOYS 


for Those Small Tubular Parts 


Easily drawn, swaged, flared, pierced, bent and joined—copper 
alloy tubing can be shaped to solve many design problems. Here 


are the ground rules for best results. 


DS GRANNISS, Application Engineer, French Small Tube Div, The American Brass Co 


To meet the needs of automatic manufacture, copper 
alloy tubing is now being drawn with closer tolerances 
and greater lengths than ever before. This is leading to 
a renewed interest in finished parts formed from small 
tubing—for products like room air-conditioners, machine 
tools, instruments, and household appliances. But eff 
cient design of tubular parts goes beyond purchasing a 
pair of bending blocks and flaring tools. Here is a quick 


review of the guiding principles for these shapes—includ 
ing some important but little-known tricks to simplify 
design, lower costs and improve performance. 

Small tubing, in this context, means any diameter | in. 


or less—down to the 4-in. size that gives restrictor ele- 
ments in modern refrigerating equipment. Most of the 
small parts are made from tubing 2 in. dia and smaller 
with a wall thickness of 0.020 in. or lighter. Thicker walls 
are a must at 4 in. dia and below because of the very low 
stiffness afforded by such diameters. 


In its manufacture, small tubing is drawn through a 
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die to reduce OD, and over a plug to reduce wall thick 
ness. A floating plug is used for very long coils that are 
drawn on a block. Reduction is limited to the amount 
needed to bring the tube to specified hardness (usually 
Rockwell 15-T scale), breaking strength, tensile or yield 
strength, or percent elongation. These characteristics 
have much more meaning than the usual temper terms 
“half-hard” and “quarter-hard,” and are preferred when 
specifving the tubing or the parts made from it—to ease 
fabricator’s understanding of designer’s intent. 

Tube shapes other than round are usually harder to 
draw, particularly where the ID has a different shape 
from the OD. Such shapes are made by drawing through 
a die and over a plug, and require several forming opera 
tious—plus stress-relief at the final stage because of 
non-uniform metal flow around the perimeter. Many non- 
round shapes like ovals, half-ovals, half-rounds or flat 
ovals—any shape not requiring sharp corners—are made 
by roll-forming. Here, a round tube is passed through a 
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TO BEND TUBING—COMPARISON OF 4 FILLERS 


MATERIAL ADVANTAGES 


LIMITATIONS 


Sand Low cost 
Easily obtainable 


Compacts well 


Time-consuming 
Hard to remove 


Low cost 

Easily obtainable 
Compacts well 
Dissolves in water 


Time-consuming 
Residual corrosive 


Low cost 
Melts readily 
Easily recovered 


High melting point 
Can irritate eyes 


Low-m. p. 
metal alloys 


Low melting point 

Low molten viscosity 
Expands slightly when solid 
Removable in boiling water 


Relatively expensive 
Adheres to Cu-Ni alloys 


MIN COLD-BEND RADII FOR ANNEALED COPPER AND 
BRASS TUBING (IN.) 


Class A 
Optimum Conditions 
(D/t< 15) 


Class B Class C 
Commercial Work Without Mandrel 
(D/t< 50) (D 't 30) 


4 
16 
8 
16 
16 
16 
4 
8 


NWW—ONWU— 


1 
1 
3 
1 
5 
7 
1 
9 


Note: Class A & B require conforming bending block and mandrel; Class C needs only cylindrical block 





series of four pairs of shaped rollers that give the desired ver 
Shapes thus straight 


close tolerances on the opening of a U-bend with 


cross-section formed are very verv long straight sides are senseless unless the material is 
Other 


wise, any desired opening tolerance can be had at in tal 


it least half-hard and the tubing of large diameter 

FABRICATING THE PARTS 
Bending is the most common forming operation for 
making parts from tubing. For round tubing much the 
best way—fast, cheap and versatile—is with commercial 
bending tools. Here 


lation simply by springing the bend 


I'wo adjacent 90° bends require some straight length 


between them to permit purchase for the bending t ol 
, the shape of the section is main unless special tooling is provided. Adjacent bends in 


tained either by inserting a round-nosed mandrel or with 


1 snug-fitting block and shoe that surround the tube at the 
bend point. For non-round tubing, bending tools can be 
used—but the shape must be supported by an appropriate 
flattening 


materials are 


filler to minimize ind wrinkling. The most 


common filler compared in the upper 


table. Some thinning occurs on the outer fibers of even 
perfect bends, but extensive tests have shown sufficient 
work-hardening occurs to increase the bursting strength 
of the tub 

Proper bend design requires adherence to several simp 


rules 


Keep tolerances on bends consistent with temper of 


the material, and size and flexibility of the part. Thus, 
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the same plane should be separated by a traight length 


of twice the tube diameter, whereas two bends in plan 


it right angles require about 4D 


U-bends that go beyond 180° should be made from 
rdinary 180° bends sprung during installation, other 
wise tooling becomes very expensive. Good example is a 
serpentine coil for a heat-exchanger: bends greater than 
180° are often specified to save spac 1 costly design 
that can be avoided by adding a secondary forming step 


to the drawing that shows installation of the part 


Keep within the minimum cold-bend radii listed in 
In Class A bend 


must fit the tube contour precise 


be nding 
] 


the accompanying table 


bloc ks and shoc S 
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the mandrel must be precisely where the bend will be 
made. Class B require good fit and adjustment, though 
not the extreme care of Class A, and filler material can 
be substituted for the mandrel. Class C can be made 
without mandrel or filler and with very little external 
mechanical support. Though these values are listed for 
annealed tubing, tempers up to half-hard can be bent to 
similar radii by an experienced fabricator. 


For minimum distortion after bending, do not expect 
non-round to do as well as round shapes. This is par- 
ticularly true when tube ID and OD are different in 
shape. Overlooking this point can lead to trouble: a recent 
heat-exchanger coil was fabricated from half-round brass 
tubing rolled with the flat side out for maximum contact 
area when soldered to the shell. But rolling this way 
made the flat side concave, leaving a natural trap for 
residual chlorides from the solder flux—a condition that 
led to early stress-corrosion cracking. 


Unbalanced residual stresses, either from drawing the 
tube or forming the part, are troublesome—they lead to 
“season cracking” if the unrelieved part operates in cer- 
tain chemical environments. Alloys containing more than 
15% zine tend to be bad actors here, along with the sili- 
con bearing alloys in the hard state. This does not imply 
that only dead soft alloys are safe, but rather shows the 
need to watch out for potential unbalanced stress situa- 
tions, and to specify appropriate relief annealing if called 
for. For example: copper readily lends itself to swaging, 
expanding, flaring, and beading—but to perform the same 
operations on the brasses usually requires one or more 
intermediate anneals. Regardless of alloy, stamped iden 
tification markings—a common source of residual stress— 
should be avoided. 


Mechanical vibration causes fatigue failure in many 
tubular parts because one of the following three factors 
is overlooked: sufficient flexibility, usually in the form of 
excess length, must be provided between fixed ends; 
soldered joints should not be overannealed, as excessive 
grain growth forms a focal point for fatigue failure; parts 
should be stress-relieved before installation if there is any 
possibility that the forming operation introduced unbal 
anced stresses 


OTHER DESIGN GUIDES 


Beading is a common way to provide a stop when two 
tubular parts are joined, or when the formed parts must 
be positioned accurately in an assembly. These raised 
ridges running around the circumference can be rolled in 
over a mandrel if the tubing OD is # in. or above. Below 
¢ in. the mandrel is too thin and flexible to do the job, 
nor is there room enough for removing it after beading. 
An alternate method for small diameters is to “press’’ the 
bead by upsetting the tube along its axis. Here, a 
grooved ring die surrounds the tubing so the metal has 
some place to flow. Best diameter tolerances on rolled 
beads are about + 0.006-7 in. These cannot be held with 
the pressing method—it is harder to control and needs 
closely squared tubing ends for accurate results 


Single dimples and matched-die gouging on the outer 
surface are two simple alternatives to beading where posi- 
tioning can be less precise. In the former, a mandrel with 
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a single point is used; for the latter, two half-round die 
blocks containing protruding pins are brought together 
on the OD, and the edges of the pins nick the surface. 
This method is limited to tubes with wall thicknesses 
over about 0.025 in. 


Holes in the walls of tubular parts can be drilled at 
any point, but burr removal can run up costs. Piercing 
will give burr-free holes but only in the area adjacent to 
a free end. The largest pierced hole practical has a 
diameter equal to half the tubing OD, and must be 
centered no further than twice the tube diameter from 
the free end. These restrictions are set by needs of chip 
removal and mandrel stiffness. 


Cutting of light-wall tubing, without leaving a burr, 
can be done with a sharp circular saw at high speed. Best 
for most jobs is a 6-in.-dia blade with 184 teeth, though 
any blade with fine teeth will work. For softer alloys, 
speeds are from 2400 to 5000 rpm—the higher speeds 
being for the lighter walls. For the refractory alloys like 
silicon bronze, phosphor bronze and nickel silver, speeds 
are lowered to 400-600 rpm. Chrome-plating the blade 
and applying light machine oil improves the cut and also 
the life of the saw. 


Joining two formed tubular parts can be done me- 
chanically, with flare- or compression-type fittings—or by 
soldering or brazing, with wrought copper or cast brass 
fittings. Often fittings can be eliminated by belling the 
end of one tube and inserting the other tube. Service 
temperatures for soldered joints go to about 250 F, with 
brazing taking over above this temperature. 


EDITOR’S NOTE: Some of the points raised in this article are 
covered in greater detail in the following recent articles: 

“One Temperature for Successive Brazes,”” Dec 8 ‘58, p 84— 
how tighter production control with special brazes allows mul- 
tiple brazing, without reducing operating temperature of the 
final assembly. 

“The Case for Swaging,’” Nov 24 ‘58 p 70—recently intro- 
duced swaging machines have increased the usefulness of this 
high-speed method for shaping metal; author gives tips on mate- 
rials, shapes and tolerances 

“Stress Corrosion in Metals,”” Aug 4 ‘58, p 56—stress plus 
chemical environment can make it tough for some alloys to 
resist cracking; here are the characteristics of this delayed-action 
damage, and some design steps to head it off. 





Your Index is Ready 


The Product Engineering Index for the last half 
of 1958 is now available. It covers all editorial 
material published in the 26 Design and R & D 
issues between July and December 1958. In addi- 
tion to feature articles and staff reports—both staff 
written and contributed—the Index covers major 
items in all staff-written departments, and an author 
index. A separate listing includes all organizations 
and company references 

To obtain your copy without charge write “Index 
Vol 29-II” under the “Free Reprints” space on the 
Reader Service Card in this issue. 
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A HOW-TO: 


SMALL SHAFT 
Becomes Its 


Tolerances on stainless stee! shaft and aluminum gear before assembly. 


Own Broach for Retaining Gears 


This neat method developed by the author also keys links to 


shafts in such applications as computing devices. 


WILLARD J OPOCENSKY, Staff Engineer, Librascope Inc, Glendale, Calif 


Ih this fastening technique, a knurled shaft does its 
own broaching and keys itself into a close-fitting hole. 
This avoids need for press fits or locking devices when 
retaining gears and links on small shafts. 

lhe method, being applied to assemblies where shaft 


size is $ in. or under, has these definite advantages 


elt does not take up space nor does it weaken or dis 
tort parts by the machining of grooves or holes 


e It is inexpensive, simple and requires no extra parts 


Here is how the method works when self-broaching an 
aluminum or brass gear onto a stainless steel shaft 

The shaft is machined to a tolerance of plus zero minus 
0.0002 in. Bore of gear is made to a tolerance of plus 
0.0004 in. to minus zero. These tight tolerances may not 
be needed in other applications as they are employed here 
mainly to get high concentricitv. 

The shaft is now given a full 80-pitch knurl. Shaft 
diameter, gear thickness and knurl width are equal 
Knurling increases shaft dia by 0.003 to 0.005 in. 

A chip groove is then cut at the leading edge of the 
knurl. This cut, made cleanly at right angles to the axis 
of the shaft and to a depth of a few thousandths, sharp 
ens the teeth of the knurl so that it acts as a broach when 
pressed into the hole—the groove provides space for the 
displaced chips 

lhe method has also been tested with steel shafts up 
to 4 in. dia in aluminum and brass links for electromag 
netic computing devices; and it was found that the shaft 
can be twisted until it snaps off at the chip-groove with 
no evidence of loosening of the joint. Thickness of the 
link has, in all cases, been equal to shaft diameter. It 
has been estimated that a 20- to 30-lb pull is required to 


remove a shaft or gears. There will be variation in pull 


depending on the materials. The holding power can also 
be increased by increasing the width of the knurled area 
or heat-treating the shaft before assembly to permit using 
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harder gear link materials. However, the pull-out force 
should not be too high or it will increase possibility of 
distortion when disassembly is required 


Application in a Differential 


Ihe knurl-broach method is used in a differential to 
retain gears that must withstand a temperature range of 

65 to 160 I 

Several factors complic ite such an assembly problem, 
and rule out other methods. The side gears are specified 
by customers, are usually added after the differential ha 
been assembled, and are often too thin to permit using 
pins or setscrews Also, cutting through the gear to insert 
a pin, key or screw would cause loss of concentricity 
when thermal expansion took place; and the pressure 
exerted by a screw would bring further distortion. The 
precision needed in many applications of the differential 
assembly—in totalizers, 


mechanism and other high-accuracy instrumentation 


computers, flow fire-control 
requires that no distortion be present 

Again, an 80-pitch knurl is used to increase the shaft 
hub dia 0.003 to 0.005 in. Although the differential i 
designed for max torque of 12 in.-oz in the gear train 
the bond between the hub and gear will withstand over 
500 in.-oz of torque 

If one of the ring gears has to be replaced, it 1 onh 
necessary to clean out the chip-groove before installing 
1 new on This can be done at least twice with no 
measurable loss of bond strength 

Because the knurl-broach method give trength far 
in excess of the application requirements, it has not 
Considering that a 
full-depth knurl is used in all cases, and that the self 
broaching feature insures exact mating of the shaft and 
the hole, it should be possible for the theoretically-in 
clined to apply conventional gear formulas to determin 
the resistance to torque. § 


received much mathematical analysis 
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The variable stroke-velocity and pressure of this 
riveter allow setting fasteners in materials 

of low impact strength. And the narrow-headed 
unit allows spacing them closer. 


Riveter can be had as single unit on pedestal but is designed primarily for 
multihead installations on a common base and coupling by a slide or rotary 
fixture. With standard units, center distances between heads can be as 
little as 34 in.; but with driver and jaws offset, spacing between rivets can 
be reduced to little more than rivet head dia. Model No. 56 head weighs 
90 Ib, handles rivets from 1/16 to 5/32 in. dia and from 3/32 to % in. 
long. Produced by Milford Rivet & Machine Co, Milford, Conn. 


Rivets Fit Closer, 
Go In Easier 


Single head .. . 

on this pedestal has offset driver and jaws 
Offset permits riveting under flanges and 
within in. of vertical surfaces. The air 
pressure control, mounted with lubricator on 
side of pedestal, regulates pressure behind 
operating stroke Welded steel frame of 
riveter has no projections on either side, so 
adjacent units can be flush-mounted in multi 


head machines 


Typical multihead . 

machine has 5 of the riveter heads bolted to 
common base. Rotary table has 12 positions 
each with 5 anvils and a cam-operated ejector 
to remove parts after riveting. The 2 side 
mounted combination units control air pres 
sure and lubricate air cylinders 
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IN NEW PRODUCTS 




















Toggle 
4 iimkoge 

















Rivet -release 
linkage 





Solenoid 
oir valve 




















Rivet head 

is powered by air working up to 125 psi. Ai 
entering blind end of ait inder forces piston 
rod and its extension to left, straightening the 
toggle linkage, and forcing down the driver and 
spring-loaded jaws. Driver pushes rivet through 
jaws and sets it against anvil (not shown). Piston 
rod extension connecting air cylinder to toggk 
linkage has 2-cam surface that trips rivet release 
Single rivet is released from feed rail at each 
stroke of riveter. Rotary rivet-feeder is driven ase 
by linkage between piston-rod extension and 5S 3 4 
hopper mechanism. At full stroke, hopper link 














age contacts switch which reverses stroke of ait 


cylinder to retract driver and jaws Velocity curves 
Velocity of driver is controlled by restricting is Gand 1 ene 3 

or torg and for 

discharge of air from rod end of piston. Driver _— 


driven, compa! 


Shaded area unde 
each driver, th 


pressure is controlled by setting operating air 
pressure to produce desired force 

ites number of 
ting of the 1 
over a much | 
lighter force rm 


While 


to a pneumat 


urement 


which has mac f the Model 
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PRODUCT DESIGNS 


Spinning Parts 
Get Rubdown— 
inside and out 


This polishing-deburring machine finishes 
depressed outer areas, or internal 

ones such as bores. Rotating spindles 
hold parts in whirling stream of soupy 
abrasive. Relative speed determines 
where abrasive takes its bite. 


Working at production-line pace, the 4-spindle 
machine is a complete package, with controls to 
vary spindle and abrasive speeds for wide range 
of applications. ‘“Rotomatic’” is made by Roto- 


Finish Inc, Kalamazoo, Mich. 


— Kotating 
spindle Abrasive 


Mik. 


: Port 


~ Abrasive mix 
rotates with 
tub 


Tub speed- 
s/ow 


—high 


Abras ve 4a — 
MIX 


Abrasive 
min 


D 


ead 7 POS oat 
C space eliminated speed-high 


Polishing and deburring . . 

of a part depends on rotational speeds of tub and spindles 
Relative motion between part and abrasive material (A) gives 
polishing action. Moving part through abrasive mix at a fast 
tub speed, with low spindle speed, (B) produces voids or dead 
tub speed and raising spindle speed (C) 


spots. Slowing 
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Verte. 





Removing side panels . 

shows multispindle drive of 4-spindle deburring machine. Separate 
variabie-speed drives rotate the spindles, and tub containing the 
abrasive mix; permitting wide range of speeds for different applica- 
tions. Opening at right permits operator to load and unload parts 


at the end of the polishing-deburring cycle 


,Tub speed - 
fast 


Spindle speed 
—/ow 


Spindle speed ’ eee we Tub speed- 


s/ow 


eliminates dead spots, allows abrasive mix to contact and polish 
entire exterior of part. Pressure wave set up when abrasive mix 
passes the part forces mix into bore (D) where relative motion 
between mix and part produces polishing action. Interior and 
exterior of rack-pinion nut shown (E) was deburred and polished 
at tub speed at 275 sfm and spindle speed of 300 rpm. 
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& Speed of feed unit 
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wo Drills 
erform 
hree Jobs... 


. allowing three tools to perform four 
operations on auto rear-axle housings. 
Feature is the single feed unit, with 
compound movement, that drills and 
deburrs both ends of a hole in one 


pass before tapping operation. 


This transfer-and-drilling machine can be easily adjusted 
to drill and tap the vent hole in any location on the 
axle. Previously, changes in vent-hole location or hous- 
ing design resulted in expensive retooling. By using a 
coolant base under the load station, and bridging the 
gap between this base and the main machine base 
with five idle stations, the transfer machine is used to 
flush out chips from previous operations and drilling 
The machines are produced by Buhr Machine Tool Co, 
Ann Arbor, Mich. 


Feed unit 
on which both drill and deburring tool are mounted, 
moves them rapidly downward for 0.5 inch, then it 
trips a deceleration valve and moves at constant velocity 
of 5.69 ipm—the dnill-feed rate 

The auxiliary, hydrauli vlinder gives compound 
movement to deburring spindle. First, as drilling starts 
A), cylinder piston causes deburring tool to move 
downward at 2.8 ipm relative to feed unit (8.49 ipm 
relative to the part This rate continues for 0.19 in 

When top of hole is deburred, spring-loaded bit 
withdraws into holder and the piston plunges it (B) 
).56 in. downward at rate of 20.11 ipm relative to feed 
unit (25.8 ipm relative to workpiece But drill con 
tinues feeding downward at the slower 5.69 ipm 

When hole is cleared, deburring bit is pushed out 
ward by the spring. Now cylinder reverses direction 
C) and moves deburrer upward for 0.25 in, at 11.35 
ipm (5.66 ipm relative to the part 

By the time deburring is completed, the drill has 
broken through next hole. Both drill and deburrer then 
move upward together at rapid return rate of the feed 
unit (the deburring bit having again retracted into its 
holder). After l-in. upward travel at this rate, the tools 


are ready for next cycle. Total cycle time: 8 sec 
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Typical setup . 
shows how vibration sends velocity 
and force signals to an oscilloscope 


WILBUR DU BOIS, Boeing Airplane Co, Seattle 


STRUCTURAL 
VIBRATION— 


an oscilloscope 
tells the story 


in pictures 


Here is a quick vibration test for 
mechanical systems. The ‘scope screen 
shows when resonance occurs, 

locates trouble spots and 


indicates what causes them. 


el 


> 4 
y 


— 


System resonance 
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Nonresonant . Individual part . . 


is indicated on oscilloscope 
screen by a straight line (which 
can be considered a_ closed 
circle). It shows that velocity is 
maximum and 180° out of phase 
with the force—a condition of 
resonance. Line will appear at 
harmonics as well as the natural 
frequency of the system 


frequency causes either a circle or 
an ellipse to appear. Velocity, and 
therefore amplitude, are not at a 
maximum and not in phase with 
force. Whether the slope is to the 
left, as above, or to the right, de- 
pends merely on how electrical con- 
nections to the oscilloscope are 
made. 


where pickup is mounted is not in 
resonance here, but some other part 
of the system, possibly the vibrator- 
supporting stand, is in resonance 
This condition is revealed by an 
open circle’ pattern in which the 
vertical coordinate (velocity) is a 


maximum 


PRODUCT ENGINEERING * February 2, 1959 





There is a quicker way than lengthy tests to run down Watch For These Trouble Patterns Too 


trouble in mechanical structures designed to withstand 
Suppose a component hasn’t been mounted 
rhe 


structure whik 
from both 


vibrations. 
properly or part of the structure is cracked? 
faulty 


exploring 


area can be found by vibrating the 
it with a velocity Signals 
the pickup and the vibrator are fed to an oscilloscope 

Che of glancing at a 
picture—the tell-tale line pattern appearing on the 


pickup 


} 
sim pit 
"scope A 


Each type 


rest is merely a matter 


screen—to see how the structure is behaving 


ownl 
offers 
ind 


of trouble gives its 


speed, the method 
natural frequen 1¢ modes 


especially when tw 


per second 

Ihe method is 
resonance of a reasonably 
input to the stn 


ing point ir 


icture and 


masse OF 


ther in 


How It’s Done 


: 
An exa nple of the testing 


Nila 


id-held for pr 
ICS with the 


I c 
the 
pickup t 
from the 
the armatu 
horizontal 
to the erti 
amplifer with 0 
Natural frequen 
] lor 


outputs 


1 | 
hannel of 


} 
pf ise 


Cracked member 
may be indicated by pattern 
that 


sponse at one 


shows large velocity re 
end of a force 


end 


the crack opens when 


stroke, but not at the other 
Reason 
cracked side of member is in 
tension, closes when side is un 


der compression 
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identifying picture 
accuracy 


are hard to 


based on the 
veloc ity 


1SO 


tup Is shown 


met 


pe; the vel 


il channel thei 


vibrator bottoming (vibrator armature hitting the 


velocity coil hitting pickup frame) 


Pickup or 


stops, or 


Besid 
it works even when 
determine 
only a few 


fact that, at a 


homogeneous 


] Vibrating at natural frequency 


yp oppos 
ibrator 


bing - 


gnals trom 
is assumed 


to, and in 


Tce signal 


forced 

structure, force 

response at the forc 
out of phase . 


C 


directly ot Off Resonance 


High frequency superimposed on the fundamental frequency 


shows rattling of loose parts 


Weird patterns above 


will usually appear until slop is removed from system, loose part 


secured, vibrator is properly anchored and pickup properly placed 
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Off meant 


8 


Resonance Off Resonance Resonance 


Armature rubbing 


against 


Bearing slop . . 

or free play such as loose joints in a stiff system, 
A) or Natura 
frequency is indeterminate and the peak-response 


something—such restraints cause 


patterns. In such nonlinear 


to 30 in 


If nonlinearity can 
y 


will look like either B) on ‘scope these systems 


variations up apporent natural 
peak fre 
not be 
should be tried and the resonant frequen 
recorded. These 


rate valve 


frequency is indeterminate because the yuency may occur 


response frequency varies with applied force. A corrected, different mounts of force 


is perhaps the worst case of a nonlinear system- 


almost the entire velocity-response is in the free cies may help indicate a 


travel region. B shows less severe nonlinearity more acct 


1959 





Solder Cup Eyelet _— Ultrasonic Weld 


PERMANENT 


Soldering is often maligned— 
for certain electrical connections 


RELIABILITY ecuador 
0 F consensus of candid comments on 
soldering, crimping, welding, 
aeaqnie i clamping, wrapping and other ways to 


join electrical connectors. 


CONNECTIONS 


FORGE ©. VENUE, Auadate Cater There is good reason for industry’s growing interest in 
reliability of electrical connections. One unreliable con- 
nection is bad enough. But when there are many, as 
in a typical electrical system, the trouble potential mounts 
astronomically. This shows up when reliability is ex- 
pressed in percentage—the number of chances out of a 
hundred tries that a given product will do its job properly. 

For example, if a product has 100 parts essential to 
over-all operation, and each is 99% reliable, the assembly 
will work an average of only 36.6 times out of 100. And 
with 10,000 parts—each 99% reliable—the assembly has 
less than three chances out of 10* to work correctly. 

If the assembly is electrical, reliability depends heavily 
upon the connections because there are relatively so 
many. A typical system (PE—Oct 27 58, p 22) with 3 
motors and 11 switches has 400 fixed resistors, which 
seems a lot. But it has 101 removable connections and 
1000 soldered connections. Though these compare favor- 
ably with potentiometers, relays and resistors in reliabil- 
ity, they still need much improvement. 


WHY POOR CONNECTIONS? 


Main purpose of the connector is to join two con- 
ductors and carry the required current reliably without 
adding excessive resistance or capacitance to the circuit. 


ARTICLE BASED ON EIA TALKS 

Here’s the on-the-spot report of an unusual meet- 
ing . . . more than 30 technical papers were dis- 
cussed, but none were read. It was the third Annual 
EIA (Electronic Industries Association) Conference on 
Reliable Electrical Connections, held in Dallas, Tex, 
last Dec 2-4, 

This report is based mainly on floor discussion 
about the basic papers—these had been published 
in book form before the meeting (see “New Books” 
in this issue). The opinions here are from an assem- 
bly of over 350 engineers, executives and quality- 
control experts concerned with electrical connec- 
tions. They represented at least 150 manufacturers, 
users, and governmental inspection agencies. 


Fees ws es eS SF SF SF SF SF SS SSS SS 
Leesa eee eeeeeeeee ee 


PRODUCT ENGINEERING * January 26, 1959 





Pin and Socket 
Clamped 


Convoluted SEPARABLE 


It must also be mechanically strong, resistant to chemical 
action, and easy to fabricate 


Junction electrical resistance can be classified in general 
terms. A “good” value (needed for low-voltage circuits) 
might be 0.01 ohms or less. Ordinary circuits can tolerate 
up to 0.1 ohms; a “poor” connection may have greater 
than 100 ohms resistance. One fact is not always remem- 
bered: some solders have 20 times the resistance of copper. 


Deterioration of contact materials at the conducting 
point, causing unpredictable resistance changes, may hurt 
operation more than an initially poor junction will. De 
terioration can be chemical (sulphur oxides from burned 
fuels are troublesome in industrial areas) or it can come 
from mechanical action such as galling and peening. 


PERMANENT CONNECTORS 


The reliability of many permanent-type connections, 
particularly soldered ones, cannot be checked by test with- 
out destroying the connection. Resistance of dry circuits 
(microv to milliv potential) is difficult to measure ac- 
curately. Crimped connections can at least be physically 
measured to determine percentage of compression—a good 
indication of contact effectiveness. Some users take dou- 
ble precautions: crimp and solder; wrap-with-wire and 
solder; or weld and crimp 


Conductor Sleeve 


WireWrap (Keller Tool Co) is being accepted in many 
applications, but some companies are waiting for more 
proof before taking the jump. They question claims that 
bare wire wrapped around a bare terminal can exert sufh- 
cient contact pressure (about 100,000 psi) to achieve 
strong, permanent metal-to-metal contact—with solid-state 
diffusion. 


Welding, if done at high temperature, can cause em- Crimped connection . . . 
brittlement of contact materials. Cold-welding overcomes can be physically measured to estimate 


this disadvantage but requires high pressure to weld the reliability—dimension T indicates extent 
of compression, therefore contact pressure. 














junction. Ultrasonic welding (vibrator energy generates 
heat at the joint) has not been adapted to printed circuits, 
but ribbon-type transformer connections are being made 
this way. 


Soldering is the most widely used method for making 
small permanent electrical connections. Although some- 
times considered unreliable, it is often the best method 


CONTINUED ON NEXT PAGE 
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for the job if both design and workmanship are handled 
with care. Here are some ways to get the most out of 
soldered connections. 

One company that uses AN-type connectors melts the 
solder inside each pin-terminal sleeve by touching a spot 
welding probe against the sleeve. A special control and 
timing circuit discharges a precise amount of current to 
quickly give the correct temperature (about 100 F 
above solder melting point). Another company uses ultra- 
sonic cleaning during soldering to wet the metal with 
solder—no flux needed. Thin gold plating (0.0001 in.) will 
improve solderability of some copper-based materials. 

Soldered connections to through-holes in printed-cir- 
cuit boards have aroused much discussion. Eyelets are 
popular, but flange designs vary from simple flares to 
8-point rosettes. Biggest problem seems to be keeping 
solder from breaking away under lip of the flange—a cast- 
ing problem. Some companies choose to attach the wire 
leads directly to plated-through holes . allowing ap- 
proximately 0.003 to 0.006 diametral clearance for solder. 

Tensile strength of solder is poor. A typical soldered 
joint is in realitv a lead-tin casting made under condi 
tions unacceptable to any foundryman. Stress cracking 
and grain growth are speeded up in service by vibration 
and by continuous tensile loadings. Even though the¢ 
tensile strength of solder can be 6000 psi, a joint may be 
unreliable if continuous load is higher than 200-400 psi 
Aging can improve bending strength, according to on¢ 
report. 


SEPARABLE CONNECTIONS 


Some contact pressure is needed to achieve and main 
tain metal-to-metal contact in separable connections 
Contact design must consider not only configuration of 
parts, but also the base metals, platings and coatings 


Contact area will not be useful, particularly for low 
voltage circuits, if oxides, nonconducting films, dirt, or 
even air spaces increase the resistance above that speci- 
fied. However, moderate voltages (over 5 v) will some- 
times break down this resistive film, resulting in a reason- 
ably good connection. 


Contact force can be as low as 30 grams for the noble 
metals, but silver may give poor performance at low volt- 
age if silver sulphide is allowed to form between the con 
tacts. Higher contact forces can help break down the 
film .. . and once a metal-to-metal contact is established, 
the forces can be drastically reduced without increasing 
junction resistance. Nickel, brass or nickel-silver require 
loadings from 300 to 1000 gm for “dry” circuits (negli 
gible current), and about 100 gm if at least 1 milliamp 
current is kept flowing through the junction 


Contact pressures at insertion, acting on areas as small 
as 0.004 sq in., can reach 90,000 psi if the connector 
is not designed properly. Result is to reduce life, meas 
ured in number of insertions. Gold-on-gold contacts re 
quire only 4000 psi . burnishing occurs and 10,000 
insertions are possible 


The insertion force of a separable connector can be 
as low as 1 oz per pin and still make good contact. Forces 
over 3 Ib are likely to cause galling. Mineral lubricants 
with good electrical properties are available. Graphite, 
however, has poor conductivity, and absorbs corrosive 
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PERMANENT OR SEPARABLE? 


An electrical connection may be considered per- 
manent if not designed for simple, direct removal. 
Examples are: soldered, welded (cold or hot), 
crimped, spliced, and wrapped. The opposite type, 
called separable, is designed for occasional or fre- 
quent removal . . . it includes AN-type, taper pin, 
spade, threaded terminal post with nut, and spring- 
loaded connection. Both types can achieve high 
reliability if properly designed and installed. Al- 
though the discussions are listed under “permanent” 
and “separable,”” much of the data in accompany- 
ing article applies to both types. 


gases. Both graphite and molybdenum will give discon- 
tinuities after repeated insertions. Thin gold plating 
(0.0002) helps reduce galling. 


Soft gold plating is generally considered best for signal 
circuits that need extremely low resistance. Rhodium is 
not quite as good for signal circuits but has better wear- 
ing properties because of its hardness. Nickel silver is 
very durable, but has poor contact behavior at low voltage 
because of its protective corrosion film. Porosity of plat- 
ing can cause gradual failure if the base metal oxidizes 
through the plating and contaminates the surface. 


Silver migration is the tendency of silver contact ma- 
terial to be absorbed by certain resins and other insulat- 
ing materials. This migration, which lowers insulation 
resistance, is accelerated by an electric field, by high 
humidity, and by sulphurous gases found in polluted air. 
Researchers at Stanford institute have reported (PE— 
June 16 ’58, p 11) that a small amount of copper added 
to the silver tends to inhibit the migration. 


Galvanic corrosion in salty atmosphere will deteriorate 
some metal combinations, but not damage others. Poor 
combinations are: aluminum with copper; tin-plated 
aluminum with copper; aluminum with nickel-plated or 
silver-plated copper; aluminum with gold-plated copper; 
ind copper with solder-dipped copper. 

Combinations resistant to galvanic corrosion include 
copper with nickel-plated or gold-plated copper; tin- 
plated copper with aluminum; many (but not all) com- 
binations of plated copper with plated copper. 


EDITOR’S NOTE: An illustrated roundup of most connection 
types—flexible, screw, strip, wrapped, crimped, soldered, etc— 
will be found in “Electrical Terminal Connections,”” Mid-Oct ‘57, 
p | 10. 

Several specific types are covered in these articles: ‘“Com- 
pression Terminals for Aluminum Conductors,” Sep ‘54, p 160, 
which describes corrosion-inhibitor compound of metal powder 
and petrolatum that gives good connection when compressed 
between aluminum and copper or between aluminum and 
aluminum; “Multicontact Electrical Connectors,”” Nov ‘52, p 184, 
and “Electrical Connectors for Equipment Power’ and Control 
Circuits,” June ‘51, p 117, which give useful construction and 
performance data on Cannon and Bendix connectors respec- 
tively. 

A summary of US, British and European literature on 66 
different soft solders is presented in “European Solder Develop- 
ments,” June 23 ‘58, p 97. 
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Representative parts made from reinforced 
laminate, and the punching process, are 
pictured here. Chart with accompanying 
article relates punching ease of various 
laminates with their mechanical and electrical 


properties. Here’s your guide when . . . 


.. . selecting 
PLASTIC LAMINATES 


for Punching 


E C GRAESSER, Chief Engineer, Quality Control and Applications Engineering, National Vulcanized Fibre Co 


The easiest way is not always the best, and compromise 
is needed when punching out flat parts from reinforced 
laminates. A grade of material that is harder to punch 
and therefore must be handled hot—may often actually 
be the best choice because it retains desirable properties 
to higher temperatures. On the other hand, choice of 
laminate is also affected by small differences in its punch 
ability. With high-speed punching or die cutting, such 
differences are often exaggerated and can influence design 
ing the shape of a part. To help find best compromises 
between high punching rate, price, properties, a com 
parison guide to materials is given on the next page 

When a suitable material is chosen, laminated parts 
such as those pictured above can be depended on to be 
strong, lightweight, resistant to heat and chemicals, and 
effective insulators against electricity. And because the 
laminate is easily made from sheets of paper, fabric o1 
mat by automatic methods, cost of the material is rela 
tively low. 

Complex parts can be cut from the sheet by either 


single die or in progressive steps. Complex dies, when 
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to make, but by giving all the desired 


hapes in one operation, they give better registry of the 


single, are harder 
punched pattern. Progr m the other hand, 
can be made heavier so they last longer for high-prod 


tion runs 


PICKING THE MATERIALS 
With possible compromises 
nate should come ahead of designing the part. Selection 


heet thickne ind 


] ] ] 
In mind, selection of 


consists of specifying th punching 
grade 

Thickne 5 Si yuld he vO erned mainh bi rie han 
ind electrical requirement This coukl be simple but 
is complicated by the differencs 
easier punched grad in be handled cold up to n 
but the harder grades require heating when thicker than 


in. If space isn’t limited, a thicker laminate of 


in punching ease. ‘The 


che ipel cold pun hing grade may give savings in ove 


can bring other compli 
cations. As the material becomes harder to punch, the 
she ired edge beco I gh ind ilso lant iwa 


costs. However, heavier thickn 
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: COMPARISON OF 32 LAMINATED 


APPLICATION 


ELECTRICAL 





PROPERTIES (1/16-in. sheet) ' 





Ease of punching’... . 
Punching temperature, °F 


Hardness, Ry. . 


MECHANICAL 


Flex. strength—tongitudinal, psi x 10’ 
~transverse, psi x 10° 





Dielec. strength ( | to laminate), kv 
Dielec. constant (| to laminate), v/mil 


Dissipation factor——condition A 
cond. D 24/23 


ELECTRICAL 


Resistance, cond. C96/35/90, megohms x 10°. 
Electrical stability * 


insulation class, AIEE 





Water absorption in 24 hr, % 


Material used for reinforcement. . 


GENERAL 


Type of resin. . 


phenolic 


Comparative price (Grade XX as 1.0) 














nylon fabric 
glass fabric 


4 2 
_ » 
2 2 
fo] Oo 
_ _ 
5 5 
= = 
° ° 
° ° 


| 


| 
| 


phenolic 
phenolic 
phenolic 
phenolic 
phenolic 
melamine 


} | 





























‘ Properties also apply to copper-clad laminates 


the die edge. This means a need for wider dimensional 
tolerance or, in an extreme case, including a shaving step 
that will trim the part to size. 

Choice of material is guided by the headings across 
top of the comparison chart. Next important is compara- 
tive ease of punching. One reason why cold-punching 
laminates are preferred is because heating lowers dimen- 
sional accuracy. Expansion rates for heated sheet are 
different between longitudinal and transverse directions. 


DIMENSIONS AND SHAPES 


The preferred minimum for hole diameter is one that 
equals thickness. Diameters can be as low as one-half the 
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2E = excellent, G = good, F = fair, P = poor 


sheet thickness when best punching grades are used. 
Web thickness—that is, minimum dimensions between 
holes or hole to part edge—is limited to 14 times the 
thickness. Square holes, particularly those with sharp 
corners that build up punching stresses, should be kept at 
least twice their depth apart to avoid cracking. Staggered 
holes can be placed somewhat closer. 

Radii should be kept larger than #: in. Sharp, square 
corners can be had, but only at the expense of a larger 
corner burr on the side opposite the punch entry. Also, 
punches with sharp external corners wear faster. 

With normal punching practice, tolerances can be kept 
within +0.003 in. per in. for cold-punched and +0.005 
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PLASTICS USED FOR PUNCHING 


MECHANICAL 


HEAT RESISTANT GENERAL PURPOSE 











| o n 

















| = 
| @ 


- 
a 
Qa 
ie] 
a 
“ 

2 
- 
e 

2 
- 
o 


glass fabric 
glass fabric 


glass mat 
glass mat 
cotton fabric 
cotton fabric 
cotton mat 


| 
| 

| 

| 


melamine 
polyester 
phenolic 
phenolic 
phenolic 
phenolic 
phenolic 
phenolic 





| 


o 
o 



































asbestos fabric 


} 
| 
| 
j 


phenolic 





asbestos mat 
glass fabric 
glass fabric 
glass mat 
glass mot 
glass mat 


glass fabric 
glass mat 


polyester 


polyester 
polyester 


phenolic 
phenolic 


| 


> 
































in. per in. for the hot-punched grades. These tolerances 
apply to ve in. sheet. 

It is best to keep parts as simple as possible. This can 
be done by avoiding such costly items as very close toler- 
ances, compound curves, smooth edge finish. Often, 
short-run tooling can be specified for limited quantities 
up to 5000 pieces. 


EDITOR’S NOTE: Other articles on sheet plastics and their appli- 
cations: “Forming Plastic Sheet,’ Mid-Sept ‘58, p D4, compares 
different methods of thermoforming plastic sheet materials, their 
tooling and costs; “How to Design Out Cost of Plastic Parts,”’ 
Oct 14 ‘57, p 77, shows how to spot such costly requirements 
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as heavy walls and extra close tolerances—charts guide selection 
of basic production processes; “Design Hints for Laminated 
Parts,” Jan ‘57, p 86, gives best shapes; how reinforced-plastic 
laminates carry loads best. 

A comprehensive study, “Printed Wiring for Industrial Serv- 
ice,” Aug ‘56, p 167 (available as a reprint), covers advantages 
and limitations of various types of printed wiring. Etched, plated, 
embossed and pressed wiring are compared. Properties of 
copper and silver conductors are discussed along with chorac- 
teristics of phenolic, nylon, melamine, silicone, and epoxy insu 
lating boards. Resistors, capacitors, switches, variable controls, 
connectors and other components specifically designed for inser 
tion into printed wiring are illustrated and a design roundup is 
given. 
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This morning liquid oxygen was de- 
livered to your nearby hospital, stored 
as a liquid at —297 F, converted to a 
gas and piped to the patient's bedside. 
Meanwhile, in industry, liquid nitro- 
gen at —320 F was helping shrink-fit 
metal engine parts together . liquid 
argon at 302 F was vaporizing to 
provide inert gas for welding opera 
tions. And at Cape Canaveral an Atlas 
ICBM was being charged with tons of 
liquid oxygen for another test firing. 

Vital to all this work being done by 
liquefied elements of ordinary air are 
products designed especially for super- 
cold temperatures—pumps, containers, 
bearings, seals, meters, and heat ex 
changers, for example. Let’s take a 
look at some of the basic design prob- 
lems you'll meet if your product is to 
operate in this environment—along 
with some of the solutions 


Embrittlement is a problem with all 
materials, metal or nonmetal, exposed 
to very low temperatures. The com- 
mon structural metals like carbon steel 
ind most alloy steels, for example, lose 
too much ductility to remain useful 
However, the austenitic chrome-nickel 
steels, particularly 18-8 stainless, re- 
As more products—like this 2-stage turbine pump— ~a enough ductility for safe service 

n the wrought condition, many non- 
are required for handling supercold gases given by ferrous metals stay ductile enough too 
[hese include copper, brass, copper- 


liquefied air, the job of design gets harder: silicon alloys, Monel and aluminum 


Materials embrittle . . . moving parts “‘freeze”.. . alloys. Most plastics become too 

brittle at liquid-air temperatures. Ex 
lubricants congeal. To help understand this ceptions are some of the fluorocarbon 
plastics like Teflon, Kel-F and fluoro 
thene, which can still take some cold 
flow. As shown by the impact-strength 


new environment, here’s an introduction to .. . 


changes in Table I, materials subject 


DAT to stress—particularly shock loading 
3 it very low temperatures must be 
| selected carefully. A good reference 


guide is paragraph UG-84 of the 1956 
ASME Unfired Pressure Vessel Code— 


. even though the product may not have 
OT to conform to this code. 
; 


Atmospheric moisture condenses 

easily on very cold metal surfaces and 

may freeze up critical moving parts—a 

P. E. LOVEDAY, Division Engineer safety valve plunger, for example. Two 
Linde Co, Div of Union Carbide Corp answers, both requiring special de 
sign, are possible: Eliminate moisture 

around the cold part, or raise its tem- 

perature so condensation does not 

5 

Manually operated valves often freeze 

it the packing, but extending the 

tem and bonnet will take this critical 

friction point out of the cold zone 


occur. Valve design is a good example. 
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Standard solenoid valves, on the other hand, are widely 
used in liquid service without stem extension—but the 
coil and coil housing must be designed to prevent mois 
ture penctration 


Insulation is a problem closely related to moisture 
freeze-up. The air gases are liquefied to make large quan 
tities (in gas equivalent) easy to transport, store, and 
transfer. But there is a difference of 300 to 500 F be 
tween ambient temperature and their boiling points, and 
this provides a large driving force for heat leak. In addi 
tion, these fluids have very low latent heats of vaporiza 
tion, Table Il. This means special design of products to 
handle them—all paths of heat leak to the liquid must 
be examined and either climinated or designed for mimi 
mum heat transfer. 


Conduction along piping and supports is a common 
cause of heat leak. But the familiar heat-conduction 
formula shows ways to reduce this leak: q = kAat/L. 
Materials with low thermal conductivity k and high 
strength will reduce the kA product, cutting heat leak q 
If the material cannot be changed, increasing the length L 
gets the same result. This approach is the one used in 
the extended-stem valve, but there the problem is keep 
ing a critical point warm—not preventing heat leak to 
the liquid, since the low-temperature fluid flows too fast 
to pick up much heat from the valve 


Three basic insulating techniques are used for impeding 
heat leak to large volumes of liquefied gases—as in storage 
vessels, portable containers, pump sumps, and pipe lines 

© Closed-cell block insulation like foamed glass and 
some foamed plastics eliminates moisture penetration 
and retains original low thermal conductivity for long 
periods. 

e Highly polished surfaces on double-walled vessels cut 
heat leak by radiation. Evacuation of the gases between 
the surfaces to 10° mm Hg absolute pressure eliminates 
heat transfer by conduction and convection. This is the 
familiar “Dewar” insulation method—expensive and efh 
cient only at these very low pressures. 

e Fine powder in a similar double-walled vessel evacu 
ated to 0.01 to 0.1 mm Hg is used to insulate most indus 
trial storage tanks and bulk transport equipment. Even 
without polished surfaces, such insulation will hold liquid 
loss by normal evaporation to well within 1% per day 
Effect of pressure on vacuum-powder insulation is shown 


clearly in Table III. 


Shrinkage of parts chilled to 300 F is substantial 
and can be critical in massive structures like heat ex 
changers and piping systems, as well as in moving compo 
nents like shafts, bearings, gears and threads. With 
dimensional changes in the order of those in Table IV, 
special design allowances must be made 


By applying 
these thermal contraction 


values, room-temperature di 
mensions of mating parts can be quickly established that 
will allow ample clearance after immersion. ‘Turbine 
pumps, long used for these fluids, are a good example 
For rigid structures, flexibility should be provided by 
minimizing anchor points and allowing adequate flexi 
bility between them 


niques developed for heated structures can be applied 


Conventional stress-analysis tech 
Lubricants commonly used at room temperature will 
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Table I 
How Metals Embrittie at Low Temperature 


(For 10 x 10 mm keyhole specimens, annealed) 





Charpy Impact Strength ft-ib 
Metal ~ 
at 70 F | at —320F 





304 Stainless Steel 85 77 
1010 Everdur 66 64 
Copper. 47 48 
4285 Steel Plate 26 2 
A353 Steel (9% Nickel) 46 32 








Table li— 
Basic Properties of Liquified-air Gases 





Temp. 
Atmos.| Diff., 
Boiling| 70 F 
Pt., °F | to B.P. 


Helium 452 522 9 
Hydrogen. 423 493 193 
5 
1 
1 


Density, 
Latent Heat ib /cu ft 
of Vaporiz., 
btu Ib Liquid Gas* 
0.0103 
0.0052 
0.0724 
0.1032 
0.0827 


Nitrogen 320 390 
Argon 302 372 
Oxygen 297 367 














* At 30 in. Hg and 70F 


Table lli— 
Thermal Conductivities of 
Some Low-temperature Materials 


(Average k-value, 70 to —300 F, btu/hr/sq ft/° F per ft) 





Material 





Insulations 
001 
015-0.032 


Perlite at 0.01 mm Hg (abs.) 
Foamed-glass and -plastics 





Reinforced Plastics 
Hastelloy alloy B 
Type 304 stainless 
Aluminum 3003 
Copper 


Structural 
Materials 


2 and up 


Perlite at atmos. pressure | 018 








Table 1V—Shrinkage of Metals, in./in. 


(Cooled from RT to 300 F) 





Material Coefficient 





Steel 0.0018 
Type 304 stainless 0 0027 
Aluminum 0.0038 
Everdur 0.0028 
Copper 0 0028 
Silver | 0.0035 








Lightweight container . . . 

for liquefied gases is this aluminum prototype, shown discharg- 
ing liquid nitrogen. Weighing 19 Ib, the 25-liter vessel uses 
double-shell vacuum insulation with special insulating material 
to minimize evaporation loss. Max weight loss due to normal 
heat leak from the atmosphere is 5% per day for nitrogen 


not retain low viscosity at liquid air temperatures; in 
addition, organic-based lubricants may create a combus 
tion hazard in the case of liquid oxygen. Fortunately, 
suitable lubricants—or materials with _ self-lubricating 
properties—have been found. Excellent here are dense 
graphite; fluorocarbon plastics, and fluorocarbon-impreg- 
nated porous metals—all being materials that can be 
shaped easily. Film-forming materials like powdered 
graphite and molybdenum disulfide provide safe lubrica- 
tion. The liquids themselves are often sufficient lubrica- 
tion: Standard stainless steel ball bearings commonly run 
in nitrogen, argon and oxygen turbine pumps without 
external lubrication, using plastic retainers to space the 
balls. For oxygen, the retainer is usually a fluorocarbon 
plastic like Teflon to eliminate combustion hazard. 


OTHER IMPORTANT EFFECTS 


Low-temperature effects aren’t the only problem. 
These liquified gases have other characteristics that influ- 
ence design of products for handling them: 


Easily vaporized, these fluids expand in volume 800 900 
times when warmed to room temperature at atmospheric 
lhus, bottled-up liquids tend to build high 
pressure, since some heat for vaporization is always flow- 
This means that 
pressure relief is essential for spaces where liquid can be 


pressure 
ing to the very-low-temperature area 


trapped—as in piping between valves, body cavities of a 
fully-closed gate valve, and the space between stem and 
bonnet of any back-seated valve. Common relief devices 
are safety valves and bursting disks. When specified for 
safety functions, the same device should not be asked 
to simultaneously control operating pressure. 


Combustion hazards arise with only one atmospheric 
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SAFETY SUMMARY 


Liquefied gases distilled from air can be 
handled safely if the following four rules 
are followed in design: 

1. Prevent body contact with liquefied gases 
or with equipment surfaces chilled to liquid 
air temperatures. 

2. Do not confine liquefied gases without 
adequate pressure relief. 

3. Specify only materials suitable for ex- 
posure to liquefied gases. 

4. Ventilate equipment housings well so 
concentrations of the gas will not collect. 











gas—oxygen. Although nonflammable, it supports com- 
bustion. In oxygen-rich atmospheres, combustibles ignite 
easier and burn more rapidly. Oxygen, then, should be 
kept isolated from combustibles and from ignition sources. 
This greatly restricts materials choice in design. A 
good rule is simply to avoid most common organic mate- 
rials in the places where nonmetals are normally speci- 
fied—valve packings, gaskets, insulation, seals, cleaning 
agents, etc. For example, a good packing material is a 
combination of clean, cotton-free asbestos, shredded lead 
and graphite powder. 

Where the more stable organics like the polyamides, 
polyethylenes, and fluorocarbons are considered, simu- 
lated-use tests should be run. Two other helpful tests, 
usually run by the purchaser of components for his own 
satisfaction, are: (1) ignition energy determined from a 
drop-hammer test, and (2) ignition temperature, found 
by heating a sample under oxygen pressure in a special 
bomb. Only after repeated tests on many materials can 
safe limits be established. For products handling breath- 
ing oxygen—aircraft liquid oxygen tanks, for example— 
materials should be checked for toxicity. 


Asphyxiation hazards should be checked when the 
product is being designed for nitrogen and argon—gases 
which will not sustain life. Release of gas may be hard 
to prevent completely: A relief valve blows, a hose must 
be disconnected, or a gasketed joint leaks temporarily. 
However, safe designs are the ones that allow plenty of 
ventilation in spaces where spillage is likely to occur. 


REPRINT of this article can be obtained for your reference 
file by checking No. E64 on one of the Reader Service cards 
bound in this issue. For other reprints available see “Current 
Reprints” listing in this issue on page 96. 


EDITOR’S NOTE: The influence of temperature on materials be- 
havior is a problem found higher up on the temperature scale 
too. These three recent articles will help the designer in the 
elevated temperature range: 

“Carpet Plorting,” Jan 5 ‘59, p 60, discusses a new way to 
display high-temperature materials design data. “Which Coating 
at High Temperature?” Jan 20 ‘58, p 61, tells what types are 
best for corrosion resistance, erosion resistance and compatibility 
with base metal. “Thermal Stress Fatigue,” June ‘57, p 175, 
shows how higher operating temperatures may accentuate pre- 
mature failure in structural parts. 
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CHECK THESE 10 POINTS OF T-J SUPERIORITY 


1 One Piece Piston 


2Hard Chrome 
Cylinder Bore and 
Piston Rods 


3High Tensile 
Steel Tie-Rods 


4 Cushion Adjust- 
ing Screw, Exter- 
nally Adjustable 


5 New Super-Cush- 
ion for air, or Self- 
Aligning Master 
Seal for Oil (T-J 
Patents) 


6 Solid Steel Heads 
and Mounting 
Plates Standard all 
Models 


Design Al 
lows Minimum 
Pressure Drop on 
Inlet or Outlet 


7 Port 


8Chevron Type, 
Self-Adjusting Rod 
Packing 


9Piloted Packing 
Gland—Absolute 
Alignment 


1OPiston Rod, Ex- 
tra Stronge-Pol- 


ished and Chrome 
Eftfi- 
Pro- 


for 
and 


Piated 
ciency 
tection 


interchangeable with all 
standard JIC cylinders 


With the introduction of the ALL NEW T-J 
Squair Head, Tomkins-Johnson now offers in- 
dustry the most complete design range of air 
and hydraulic cylinders. Presently available in 
from 1% to 8 the T-J 
interchangeable cylinder 


diameters inches, 
Squair Head is an 
which produces maximum force and efficiency, 
and is also adapt- 


bore 


with minimum pressures... 
able tothe use of low pressure oil as the work- 
Write to The Tomkins-Johnson 
10-58 


ing medium. 
Co., Jackson, Michigan, for Bulletin #SQ 
and complete details. 
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CIRCLE 120 READER SERVICE CARD 





SOME BASIC METHODS 





Bolts through gasket-holes 
Simple method—requires no 

subassembly. 

Positive location. 

Parallel alignment of flange faces diffi 
it to obtain. 


ro /e 
’ 


1 
| ak 
cca 


| 


= 
| 
| 
} 


Law Lol 


<<» 


Eared gasket and notched spacer 
plate 


Positive assembly location. 
Uniform flange spacing. 
Parts are more complicated 
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ways toRETAIN ° 


Bolts, spacer plates, recesses, welded channels and other 
arrangements that hold gaskets in place. 


FRANK WILLIAM WOOD JR, Design Engineer 
Vitro Laboratories, Silver Spring, Md 


(with advantages in boldface italics; disadvantages in light italics) 





‘ Spocer plate 


</> 


Spacer plate and adhesive-held 
gasket 


Permits uniform clamping pressure. 
Plate ensures parallel alignment. 
No holes required in gasket. 
Adhesive application is extra operation 
Gasket retention not positive. 





Tubular spacer 


Uniform flange spacing and gasket 
pressure. 

Inexpensive part to produce. 
Requires handling additional parts 


Beaded gasket riveted to spacer 
plate 


Positive gasket retention. 
Extra cost of assembly 





Shouldered Bolt 


Uniform flange spacing and gasket 
pressure. 
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0 GASKETS 


SOME MISCELLANEOUS METHODS 


eon eon eee ee Le 








—w 


Continuous 
weld 


«ap a, 




















. Strip gasket on sheet-metal door 
cemented in place between door flangs 
and spot-welded angle 


Sheet-metal channel holds and lo 
cates gasket, which should be cemented 


in place 


. Beveled groove accommodates beaded 
gasket, which is pressed into place 


. Groove (center) or ridge (at right) 
simplify gasket positioning 











ALTERNATIVE 
DESIGN 


O-ring retention .. . <i> 


and location is easily achieved with a groove Dust-proof enclosure .. . 


having a radius not less than that of the O-ring is simple design for which commercial units are availabl 
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There’s practically no limit 
to the things Bundy can mass-fabricate 


...and we do it with Bundyweld, the stronger, 
safer steel tubing that’s made for easy bending 


peso Bundye technicians turn out many a strange shape—each to its 
exact tolerances. At Bundy, you get precision in mass-fabrication. 
Jigs, fixtures—even machines—are designed by Bundy specifically to cut 
customers’ unit costs. 


You get Bundyweld:» Tubing, too. An exclusive process (right) gives it unique 
physical properties. So Bundyweld—master of volatile refrigerants and high- 
pressure brake fluids—has become the safety standard of two major industries. 


Bundy engineers will design your tubing part, or work with you on its 
development. When we fabricate your parts, you can count on careful pack- 
aging, on-time delivery. Bring your tubing problem to Bundy. Contact ustoday! 





Bund yweld is the only 
tubing double-walled 
from a single copper- 
plated steel strip, met- 
allurgically bonded 
through 360° of wall 
contact for amazing 
strength, versatility. 


Bundyweld is light- 
weight, uniformly 
smooth, easily fabri- 
cated. It’s remarkably 
resistant to vibration 
fatigue; has unusually 
high burstingstrength. 
Sizes up to %” O.D. 


There's no real substitute for Bundyweld Tubing 


BUNDY TUBING COMPANY 


DETROIT 14, MICHIGAN 


WORLD'S LARGEST PRODUCER OF SMALL-DIAMETER TUBING, AFFILIATED PLANTS IN AUSTRALIA, BRAZIL 


66 CIRCLE 121 READER SERVICE CARD 


ENGLAND, FRANCE, GERMANY, AND ITALY 
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POWER CYLINDERS: 


CHARTS give SAFE PISTON-ROD SIZE 


for strokes of 10 to 300 in. in 5 different mounting styles 





Product Engineering 





Z. J. LANSKY, Chief Engineer, Hannifin Company, Div of Parker-Hannifin Corporation, Des Plaines, !II 


HOW THE CHARTS WORK 


Suppose you want to exert 25,000-Ib thrust 
over an 80-in. stroke, and the cylinder has a fixed- 
style mounting with a pinned rod-end. 

On chart 2, appropriate for those mounting 
conditions, 25,000-lb thrust and 80-in. stroke in- 
tersect at a point between the 2- and 24-in. rod- 
diameter lines. These lines actually represent 
maximum safe conditions at which rods will not 
buckle Iherefore, always choose rod size to 
right of thrust-stroke intersecton—in this case 
24-in. dia 

Stop-tube must be used if intersection lies 


Fixed-cylinder charts 
|—Rod-end fixed 


300 


200 
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(Check with moker for rod 


within stop-tube length-bands. In this example 
a l-in. stop-tube will be necessary—therefore a 
cvlinder with an 81-in. stroke will be limited to 
80-in. stroke. 

e@ For a cylinder pressure of 2000 psi, piston 
dia works out in this example to be 4 in. Always 
reduce pressure if a larger-size cylinder is used 
without increasing piston-rod dia. 

e Charts are based on 100,000-psi yield-point 
for rod material, and on standard rod-extensions 
that are general throughout most of the square 
type, power-cylinder industry. For longer exten 


sions, increase the stroke accordingly 


sizes in colored creas of chart) 4 
NGNINS 5% 


Pr 4% } 


(CONTINUED ON PAGE 69 


67 


moOZzmMmAmnmMyA 





US PowerGair F setr 


9 belts replaced by a single 
U.S. PowerGrip “Timing” belt 


Wire Machinery Co., Chicago, is a spe- 
cialist in wire drawing and also a maker 
of wire-drawing machinery. In business 
for several decades, they began 5 years 
ago to design U.S. PowerGrip “Tim- 
ing’® Belt drives into their wire draw- 
ing machinery. Their latest example of 
this use is on a machine in which one 
3-inch 1%” pitch “Timing” belt replaced 
9 V-Belts. 

“The machine turns out 1500 to 2000 
feet of wire per minute,” says F. C. 
Muntwyler, vice president. “PowerGrip 
brought many improvements. It runs 
quietly, with no vibration. No lubrica- 
tion is needed. The belt always retains 
its permanent center distances — no 
adjustable centers are needed. This 
allows us more predictable scheduling 
of operations and eliminates the need 
for periodic inspection and adjustment.” 

U.S. PowerGrip “Timing” Belts are at 
work on production machines, power 
tools and appliances in every kind of 
industry. Their non-slip grip provides 
close to 100% efficiency. Stock drives are 
available from U.S. PowerGrip “Tim- 
ing’ Belt Distributors, to convert any 
drives from fractional to 1000 h.p. 


When you think of rubber, think of your 
“U.S.” Distributor. He’s your best on- 
the-spot source of technical aid, quick 
delivery and quality industrial rubber 
products. 


Mechanical Goods Division 


United States Rubber 


WORLD'S LARGEST MANUFACTURER OF INDUSTRIAL RUBBER PRODUCTS 


Rockefeller Center, New York 20, N.Y. In Canada: Dominion Rubber Company, Ltd. 
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BETTER LUBRICATION BEGINS WITH ALEMITE | ONL-MIST 


How to cut 
lubricant costs up to 90% 
— and increase production! 


Wy) 
Large and small plants | | in many industries are making important 
- £ 
while actually boosting machine output— 


maintenance savings -.li 
ge} 
with Alemite Oil-Mist §”~ Automatic Lubrication. 
Z, <"@ 
The Oil-Mist system atomizes oil into air-borne particles, £. 


carries them through tubing toall lubrication points i} and bathes every moving surface 


sf 
while machines operate. It provides constant 


with a cool film of clean lubricant 
| lubrication to a few or to hundreds 


uniform, completely automatic — 
<j 


of bearings. dic}, Accurate and foolproof, Oil-Mist eliminates guesswork 
- or over-lubricated. 


can be overlooked ~_.4°< « 
sf 


No bearing 


Three types of Oil-Mist fittings apply lubricant in the form required. Either a mist fitting 
is used to lubricate any lubrication point 


or a condensing fitting , 4 yor a spray fitting, 
J art) 

a ao i 
can be applied to any new or installed 


An Oil-Mist system |, 
r reduces man-hours and 


machine. { ue Find out in detail how it cuts costs, 
machine downtime, extends bearing life, and increases production 


Write «_— Alemite, Dept. AA-29, 1850 Diversey Parkway, Chicago 14, Illinois 
Makers of these automatic centralized lubrication systems : Oil Mist - Accumatic - Accumite 


1850 Diversey omaprtiad a A LEMI TE sw Mm 
ST EWART- WARNER 


Chicago 14, Illinois 
CORPORATION 
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Self-locking cap nut... 

assembly consists of a heat-treated drawn steel shell, a rubber 
sealing ring molded to an aluminum base ring, and a self-lock 
ing nut free to float 0.020 in. laterally from a centered position 
inside the cap to compensate for possible bolt misalignment 
during assembly. Sealing rings are suitable for sealing of 
both aromatic and alkylate aircraft fuels per specification 
MIL-R-6855. Push-out performance is said to exceed specifica 
tion requirements by 300% and to seal regardless of adverse 
ssembly or jacking action caused by misalignment of bolts 
Nut thread height is adaptable to shear thread length bolts at 
rated tensile loads of 125,000 to 140,000 psi. Available in 10-32 
and 3-28 thread sizes. List prices are $47.80 and $64.80 per 
100, respectively. About 90-day delivery. Elastic Stop Nut 
Corp of America, 2330 Vauxhall Rd, Union, NJ. 


Circle 1, Reader Service Card 


Low-pressure airflow switch . . . 
monitors airflow on fan suction or discharge ducts of processing 
systems. Designed for flat mounting in remote locations or 
near equipment involved, switch will shut off if anything inter 
feres with desired flow of air from fans. Such interruption 
causes lead weights to drop switch platform, opening (or clos 
ing) circuit. Can also be used to actuate alarms. Standard unit 
is for pressures of }-in. water gage, but units can be built for 
any suction or pressure to 3 in. water gage. Besides enclosure, 
main components include diaphragm, mercury switch contactor, 
lead weights and 3-in. pipe connection. Rated 5 amp, 115 v or 
equivalent currents to 230 v. Standard switch, including dis 
count is $18.56, FOB Detroit. From stock. R C Mahon Co, 
East 8-Mile Rd, Detroit 34. 

Circle 2, Reader Service Card 


Air-line regulator . . . 
has built-in pressure-relief valve that allows increases in 


downstream pressure to bleed harmlessly into atmosphere 
Regulator knob adjusts to desired pressure setting by turning 
on one plane of rotation. Replaceable chrome-plated poppet 
valve stem may be removed from regulator and new assembly 
inserted without disturbing air line. Regulators will reduce 
primary line operating pressures up to 250 psi and will main- 
tain desired downstream pressures of 0 to 50 psi, 0 to 125 psi 
0 to 250 psi, in separate units. Wall or through-panel type 
mounting brackets, with or without gages, are availabl 
+ and # in. regulators are offered for immediate delivery 
Priced at $9.20 each. Bellows Co, Akron 9. 

Circle 3, Reader Service Card 
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Chain lubricators . . . 
clean and lubricate by feeding oil through mechanically 
bonded horsehair, nylon or stainless bristles. Offered in # 
1 and 14 in. dia and % x 2} in. widths. Complete chain oilers 
and cleaners range in price from $30 to $60, depending on size 
of reservoir and brush. From stock. Oil-+tite Corp, 2382 
Waldo Blvd, Manitowoc, Wis. 

Circle 4, Reader Service Card 


Conductive PVC... 
has been undergoing experimental runs to explore theoretical 
idvantages, such as noncorrosive properties, high chemical 
resistance and ease of extrusion application. This material may 
prove suitable substitute for copper aluminum and foil shield 
Cost is said to vary widely, according to application. At present 
price of conductive PVC covering in a coaxial construction 
would be about equal to copper shielding. Phalo Plastics Corp, 
Shrewsbury, Mass. 

Circle 5, Reader Service Card 


Paint for use to 1700 F... 
without flaking, blistering or burning is offered in aluminum 
gold, metallic red and metallic blue. Said to be composed of a 
lear silicone base with special metal pigment. Combination 
air-dries to a bright finish in about 30 min. Then, when heated 
it is said to virtually fuse with surface to which it has been 
applied. Paint forms a metal coating said to resist moisture 
corrosion, mild acids, alkalis and industrial fumes. Can be ap 
plied by brush or spray. Available in quart, gallon and 5-gal 
containers; priced at $4.75, $17.95 and $87.50, respectively 
From stock. Chem Industrial Co, 3784 Ridge Rd, Brooklyn 9, 
Ohio. 

Circle 6, Reader Service Card 


CONTINUED ON PAGE 72 


71 





SIGNIFICANT COMPONENTS @® MATERIALS @® PROCESSES 


continued 





Conductive rubber bellows... 
dissipates high-voltage static discharge to 
ground and allows uniform tension at dif 
Where 


rubber is 


ferent degrees of extension nega 
resistant 
fluids and to deterioration 


weather 


tive pressure is used, 
to many organ! 
Available various 
polymers; 2 wk delivery. Stillman Rubber 
Ce, 8511 Marilyn Ave, Culver City, Calif. 


Circle 7, Reader Service Card 


DY ozone and 


All-transistor test module . . . 
utilizes direct voltage comparison to mak« 
progt immed measurements with computer 
peed. Voltage comparator trips a DPD'l 
relay output when unknown signal input 
exceeds value of known reference input 
Has sensitivity of 5 milliv ac, 10 milliv de; 
input impedance of 2 megohm min. Opet 
ates on power of 115 v, 400 cps, 1 w with 
relay operating Output relay contacts are 
rated 2 amp at 28 v dc. Comparator has 
repeatabilty of trip point of 1 milliv, over 
load of 1000 times rated sensitivity and 
ultilizes printed circuitry and miniature 
components throughout. Meets or exceeds 
applicable portions of MIL-E-5400A and 
MIL-E-5272. Measures 2% x 148 x44 in 
ind weighs 12 oz. Trio Laboratories Inc, 
Plainview, NY. 


Circle 8, Reader Service Card 
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Decorative aluminum alloy .. . 
with exaggerated and visible grain structure 
produced by a specially controlled mill 
process, developed by Aluminum Co of 
America, can be anodized and dyed gold 
as well as other colors. Grain structure is 
millions of tiny satin and bright facets 
that pattern within 
metal. Sequined appearance of finished 
metal offers concealing qualities desirable 
in decorative applications. Licensing agre¢ 
ment has been completed and alloy is now 
commercially available. Croname Inc, Dept 
PR, 6201 Howard St, Chicago 48 (Niles). 


Circle 9, Reader Service Card 


create a decorative 


25-amp power relay. . . 

is said to have electrical characteristics 
equivalent to or greater than those of 
bulkier Relay 2PST, nor 
mally open contact Inter 
changeable coil assembly can be removed 


devices h is 


arrangement 


and replaced and contact assemblies can 
also be rapidly replaced, if necessary, by 
Meets UI 
specifications. Guardian Electric Mfg Co, 
1621 W Walnut St, Chicago 12. 
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removing terminal ‘Screws 


Transducers take 2000 F... 


for periods to 5 min. and operate contin 
uously at 1000 F. Wound on 


bobbins, leads are terminated on lugs for 


ceramic 
secure connections. Lead wires, fish spline 
insulated, are supplied up to 3 ft long 
Differential transformers are for linear dis 
placement measurements to 0.150 in. and 
Available 
for prototype and model evaluation. Auto- 
matic Timing & Controls Inc, Dept 212, 
King of Prussia, Penna. 


for displacements to 0.5 in now 
I 
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Solenoid-operated switch . . . 
is unidirectional rotary unit consisting of 
six poles with 24 nonshorting positions 
per pole. Can be operated at temperatures 


to 257 F 


Withstands acceleration of 50 g 


and at altitudes to 80,000 ft 
Switch 
measures 2} in. sq x 9 in. over-all depth, 
including solenoid. Connections can be 
made from switch body to a phenoli 


5 
. —~ = 

j sat 
> ey 
terminal board mounted on side of switch 
In field, connections can be made directly 
to terminal board rather than to 
itself, facilitating addition or subtraction 
of wires. Unit is completely enclosed in 
Operating life is said to be 
over 1 million cycles 


ston, NJ. 


switch 


dust cover 
Daven Co, Living 
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Pneumatic servovalve . . . 
1s a 4-way unit for operating pressures from 


to 1500 psi. Servovalve first and 


ond stages can receive 


and pass on 
particles as large as 200 microns without 
first-stage 
has only one 


malfunctioning, and hydraul 


] sou;°ce of va 


preamplifier 
innot become unbalanced due to gas con 
tamination 
feedback 

Hermetically sealed torque motor is isi 
lated Available with 
put port area of 0.01 sq in. each. Stand 
ard temperature ranges from 65 to 
250 F. Weighs 11 oz. Raymond Atchley 
Inc, 2340 Sawtelle Blvd, Los Angeles 64. 


Circle 13, Reader Service Card 


High-gain 


push-pull for 


controls second stag 


servo 


from gas max out 


Tissue-thin adhesive sheet... 

is based on an epoxy resin and can be dic 
ut to specifications, suiting material to as 
sembly of parts with uniform bonds. It i 
said to provide a bond exceeding 5000 Ib 
in shear strength and may be used for 
bonding most materials, such as glass, ce 
Not affected by 


A translucent material 


metals 
peratures to 400 F 
ympletely flexible, it ranges from 0.0015 
to 0.020 in. thick. Material is 
between components to be bonded and 
controlled heat oven. It melts 
in place at 200 F and is cured for 4 
min at 392 F. Mansol Ceramics Co, 140 
Little St, Belleville, NJ. 
Circle 14, Reader Service Card 


ramics OF tem 


inserted 


placed in a 


Breaker for fhp motors... . 

trips m response to either rising motor 
temperature or excessive current draw 
Automatically shuts off current and then 
restores motor operation when overload 
Actuation by tem 
perature of the thermal element in various 
applications can be varied to open circuit 
it anv stage of motor temperature or cur 


condition is corrected 


. « »« CONTINUED ON PAGE 74 
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Aetna cylindrical 


ROLLER 


BEARINGS 
are 


VERSATILE 


» In assembly 
...1m application 


Made in the two basic load carrying types of pure 
radial and pure thrust, they are supplied with the con- 
struction exactly suited to your requirements with stand- 
ard, precision or super-precision tolerances in special 
alloys to give longer life to your products: 

as complete self-contained bearings 
with separable inner and outer races 
with a full complement of rollers 


with retainers of various types and materials 


True Crowned Roliers 


Aetna 


PRODUCT ENGINEERING * 


Each AETNA Roller Bearing incorporates 
rollers which are expertly ground to a fine 
finish with a large radius to relieve the high 
stress points present where two cylindrical 
bodies are in rolling contact and under load. 
The crown radius is scientifically determined 
and varies with the size of the roller. The 
result is a roller bearing which provides 10% 
to 15% longer service life by actual service 


records, because true crowning provides 
the best distribution of load stresses across 
the full length of the roller. 

Call your local AETNA representative 
listed in the yellow pages of your Classified 
Telephone Book for application information, 
or write for General Catalog and Engineering 
Manual—new 15th Edition. 


AETNA BALL AND ROLLER BEARING COMPANY 


DIVISION OF PARKERSBURG -AETNA CORPORATION + 4600 SCHUBERT AVE. + CHICAGO 39, ILL 


ANTI-FRICTION SUPPLIERS TO LEADING ORIGINAL EQUIPMENT MANUFACTURERS SINCE 1916 


February 2, 1959 
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be indicated 
often as overloading conditions recur or 


rent rise that may rips as 
short circuits cause instant interruption 
Attaches to surface of motor housing with 
cold-rolled steel box bracket or clamp that 
goes under the head of one of the motor’s 
through-bolts. Mechanical Products Inc, 
Jackson, Mich. 
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Spring-return switch . . . 
construction eliminates coil spring. Steel 
alloy spring is built into index mechanism 
of switch and controls spring return action 
Can be supplied as single- or double-se« 
tion units or as single-section units with 
line switch. Up to six positions per se 
tion, including spring return position, ar 
available. Spring return can be placed in 
the first or last position. Sections are 
laminated phenolic type PBE per MIL-P 
3115 with voltage breakdown of 1000 v 
Centralab, 900 FE. Keefe Ave, Mil- 


waukee 1, 


mms 
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Servo assembly ... 
for automatic null balance systems in 
cludes a 4-pole, 60-cps servomotor, drive 
coupling, shaft, bearings and gear drive 
assembly, digital counters with automati 
shutter action to indicate plus or minus 
digital output, and one or more balancc 
or output Limit 


potentiometers stop 


mechanism is said to eliminate damage to 


74 


balance potentiometers due to off-scale in- 
put signals. Models are available with vari 
ous full-scale range of counts and speed 
For example, a range from —1000 to 
+1000 counts can be delivered to travel 
through full-scale in § sec or 0.8 sec with 
readability of 1 digit, without exceeding 
rated speed of counter mechanism. Daran 
Electronics, 1836 Rosecrans Ave, Manhat- 
tan Beach, Calif. 
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i 
Centrifugally cast bronze retainers 
Antifriction bearings . . . 


that are self-aligning are 


max number of largest dia 


said to contain 
convex rollers, 
giving them highest capacity of any spheri 
Centrifugally 
cast bronze retainers are machined to close 
1.5748 


bore sizes with dynamic load 


cal roller bearings available 


Introduced initially in 
to 11.0236-in 


ratings to 288,000 Ib, bearings will also be 


tolerances 


available in pillow blocks in bore sizes of 
ly to 10 in., 
seals. Standard bearings are from stock. 
Link-Belt Co, Dept PR, Prudential Plaza, 
Chicago 1. 


with a choice of bearing 
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High-, low-speed outputs. . . 
with speed-reduction ratios of as much as 
100:1 are 
package. Consists of a primary motor and 
a speed reducer, connected by a de clutch 
and using a common drive shaft. Primary 
motor provides high-speed output; reducer 
provides low-speed output installa 
tions where operating cycles vary from 
Ratings 
Reuland Elec- 


offered with a new multi-drive 


For 


precise movement to fast speed 
are from 4 through 40 hp 
tric Co, Alhambra, Calif. 
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High-temperature motor . . . 
for continuous duty speed regulation opel 
ites in temperatures of —67 to 251.6 | 
Th 1}-in. permanent-magnet-governed 
motor with gear reduction and filter for 
precise timing applications offers speed 
hat does 
rpm with 60 oz-in. load and 24 to 29 

de supplied under MIL-E-5272 environ 


not deviate more than 3% from 


ntal conditions of Procedure I tempera 
ture and vibration; Procedure II shock or 
10-g acceleration. John Oster Mfg Co, 

Avionic Div, 1 Main St, Racine, Wis. 
Circle 20, Reader Service Card 


Low-cost bearings . . . 

are said to be suitable for use where pre 
ision bearings are now being used but not 
necessarily required, or where space limi 
tations have previously forced use of plas 
Said 
to provide ball bearing performance with 
ified friction factor of 0.0015 against 
friction factors up to 8 times as much in 
Speed and 


tic or metal powder sleeve bearings 
1 spt 


many types of sleeve bearings 


load are basically related to material and 
Available in single and double 
ow, some from stock. Included are singlk 
row radial and thrust and double 


Hartford Steel Ball Co, Hartford, 


dimensions 


TOW 
units 
Conn. 

Circle 21, Reader Service Card 


Temperature-stable ceramic 


transducer element. . . 
for equipment subject to drastic tempera 
ture variations. Has Curie temperature of 


302 F, 
5.5 gm per cc. Frequency constant is 90 
ke in. Available in all sizes and shapes 
required in ultrasonic equipment. Typical 
ipplications are in telemetering and air 
borne sensing circuits, level indicators 
US Sonics Corp, 625 McGrath Highway, 
Somerville, Mass. 

Circle 22, Reader Service Card 


loss factor of 0.5% and density of 


Size 8 servomotor... 

for transistor operation is said to have a 

high torque-to-inertia ratio over an unusu 
} 


illy short length. Control phase is de 
signed with high-impedance center-tapped 


. . CONTINUED ON PAGE 76 
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Faster reference... Faster printmaking 


with Recordak Precision Engineering Drawing System 





Sharp, clear microfilm image enlarged in Recordak Filn Handy-size photograp) or electrostatic prints made 


Reader is easy to work wit! ilways instantly ava 


negative on its own Filmsort 


N' JW you can have a complete file of draw- for costly, larger size films. And the next step 
4 


ings at your hngertips . : instead o! in mounting each 
distant files. You'll be able to check any drawing aperture card provides an active drawing file t/ 
in seconds in a Recordak Film Reade . get lakes 95% Le pa 
handy-size paper prints for pennies a copy— Free beoblet cives all the facts on this new 
much faster, much cheaper than any other way! engineering drawing. available through Recordak 

Don’t confuse this Recordak System with other and its nation-wide dealer organization 

methods. Recordak offers unique microfilm pic- 
ture quality perfected in years of research and 
development; 3mm microfilm negatives that faithfully a *** MAIL COUPON TODAY ::- 


reproduce your originals down to last detail! » RECORDAK CORPORATION 
+] Madison Avenue, New York 1 
All types of drawings, negative and positive 


prints—old or new, clean or dirty—can be repro- 


duced on Recordak 35mm microfilm. Ends need 


SRECORDERK 


(Subsidiary of Eastman Kodak Company) 


originator of modern microfilming — 
now in its 31st year 
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Stalwart Announces 





Exclusive new 
processes produce 
cross sections, lengths 
and densities to 

your specifications 


Cell sizes ronge from very coarse to fine 
with open or closed cell-structures 


% 


ie. a 


Silicone sponge extrusions can be combined 
with solid silicone rubber extrusions 


ll 





Here is important news for de- 
signers in the appliance, aircraft, 
electronics and other industries! 
A unique process developed by 
The Stalwart Rubber Company 
now enables silicone rubber to 
be extruded and sponged in 
complex configurations or cal- 
endered to close tolerances to 
meet customer specifications. 
Here are the facts... Stalwart 
extrudes silicone sponge parts 
in 1/16 to 8-inch dimensions in 
lengths up to 300 feet. Calen- 
dered sheets are produced in 
widths up to 36 inches. These 
silicone sponge parts resist sun- 
light, ozone, and aging as well 
as temperatures ranging from 

160° to +500°F. Stalwart 
also mass-produces all types of 
precision parts from natural 
and synthetic rubbers. 


Send today for your copy of 


the new Stalwart Catalog. 


Another 
first 


TALWART 


RUBBER COMPANY 





New Parts and Materials continued 


vinding for transistor use. Servomotor de 


in. stall torque in standard 


of 33 o 
frame in length of 1.062 Two 


vinding is for 2¢ on fixed phase 


enter-tapped 40-v control phas¢ 
it is 2.7 w per phase at stall and 


rpm it max powel ourty it 


Operating temperature range 1s ( te 
302 F. Weighs 1.6 oz. Induction Motors 
Corp, 570 Main St, Westbury, NY. 
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Subminiature relays... 

for time delays of 1 to 3 sec are f 
high-altitude, high-vibration and high-tem 
iture applications. Hermetically sealed 
nits are said to exhibit no resonance from 
] ps at 10 g, are not damaged 
ck and are fully compensated 

ires from 85 to 257 I 

s in heater voltages to 15| 

on dc or ac of any ft 
ower drain of 4 w SPS1 


+ 


I 
en or closed conta 


rated 6 amp at 115 v ac or 3 
imp at 28 v dc resistive. Dialtron Corp, 


203 Harrison Pl, Brooklyn 37, NY. 
Circle 24, Reader Service Card 


Miniature hex connectors . . . 
ith 4 to 10 contacts have patented loch 
g ring. Said to be suitable for unitin 
ibles subject to vibration, pulls, or other 
n-use stresses. US Components Inc, 454 

E 148th St, New York 55. 


Circle 25, Reader Service Card 


Modified short coil relay .. . 


of telephone type has bifurcated 


arms with as many as 20 arms p 
pe! stack Operates on ] 

= 
ver movable arm and 
operat on voltages Ip 


Switche ip to 4 amp at 


esistive loads. This 


166 NORTHFIELD ROAD ° BEDFORD, OHIO 
PLANTS in BEDFORD, OHIO and JASPER, GEORGIA. 


vith four tapped No. 4-4 


Calendered and extruded silicone sponge shapes 
con be covered with heat-resistant fabric. 





(Continued on page 79) 
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Now -a 
MOTORIZED 
SPEED REDUCER 
_ FOR MOUNTING 


DETACHABLE MOTOR DESIGN 
permits motor change in minutes 
— avoids downtime for motor repairs. 


IT’S THE NEW OPTIMOUNT 


Ratiomotor for shaft mounting. It’s the . 
compact power package you have needed ={el-pee 
to save space without sacrifice of top trans- 7 he “S : 


mission efficiency. Single or double re- 


duction helical geared units deliver 87.4 
to 431 output RPM. Get details—find out Y } 
how OPTIMOUNT can solve your drive de- 0 Fe : M 0 U AY 
sign problems. 

RADEMARK 


HELICAL GEARED 


REDUCTORS * RATIOMOTORS 


AND FLANGED REDUCTORS 
FOR SHAFT-MOUNTING . . 


Oe et ear an Le 


OPTIMOUNT delivers maximum 
power, with highest efficiency, 
through precision-finished helical 
gearing made to Boston Gear qual- 
ity standards. Get details from your 
Distributor. He will demonstrate the 
many features that assure OPTIMUM 
PERFORMANCE. Boston Gear Works, 
71 Hayward St., Quincy 71, Mass. 


You pe a any drive condi- 

tions OPpTIMOUNT 

pranttaarsacic wns Salim FROM STOCK 
Standardized, interchangeable 

parts permit easy adaptation to 

different drives. You save time in 

installation and maintenance, 

ond es ee 

various types of speed reducers. 


1/6 to 15 H.P. DRIVES 


NEW 

CATALOG OP-1 

lists complete 

OPTIMOUNT data— 

CALL selection charts, 
YOUR application infor- 


DISTRIBUTOR — 








Remember 
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| 


Free Technical Bulletin 


on Surface Measurement 


gives all the meat of ASA Standard B46.1-1955 
on surface roughness, waviness and lay, plus 
helpful supplementary material. Arranged for 
easy reading and convenient reference. Includes 





these sections: 


@ Basic definitions — with profile records of 





typical surfaces. 





\ How to designate the characteristics of 
000 TO 

3,000 TC roughness, waviness and lay, on drawings. 
20,000 RPM 


How to measure those characteristics. 





Arithmetical and r.m.s. average roughness 





height. 


How the Profilometer® measures average 





5 TO 


50 RPM roughness height. 


Instrument characteristics for roughness 





measurement — as specified by the standard, 
and as provided by the Profilometer. 
/ ’ 
70 TO It’s timely — authoritative — comprehensive. 
5,000 RPM rye 
/ Write today for BULLETIN LT18. 


Profilometer is a registered trade-mark 
MICROMETRICAL 
MANUFACTURING COMPANY 


360 S. MAIN ST. ANN ARBOR, MICHIGAN 
CIRCLE 129 READER SERVICE CARD 


introducing... 


SPEED-RESPONSIVE 
SWITCHES 


These control-circuit switches, depending 

on the type, are responsive to changes in speed 
from 1% to 20,000 rpm and direction of 
rotation. Contact adjustment may be made 


while running. Rugged construction, several 7 
contact arrangements and consistent accuracy Makes the Difference! 


make them suitable for applications such as Simplatrol Miniature and Small Electric Clutches 
, — and Brakes feature a specially patented dia- 
ze ro-speed or plugging switches on machine phragm which is the only moving part in actua- 
. tion of the clutch or broke. This ‘heart’ of the 
; Simplatrol clutch or brake is good for years of 
rotating machines and drives of all types, iy use under the toughest conditions and reduces 
; oa : } troublesome magnetization of surrounding parts. 
as anti-plugging switches on machinery with | | Installation of Simplatrol Electric Clutches and 
, ‘ . ee ‘ Brakes Immediately Upgrades Machines You 
inertia loads and as interlocking switches . sa: take or Cen = Gloss Yoo Precise As Well As 
Y ’ a Faster Sequence Operations. Greatly Extends 

All Functions Of Automatic Control. 
Bulletins 22 10, 2220 and 2230. Ask for recommendations on Simplatro! units 

New illustrated folder on request 


tools, as over-speed or under-speed switches on 


for conveyor systems. Ask for descriptive 





THE EUCLID ELECTR 


THE EUCLID ELECTRIC & MFG. CO. FI C LID , implatrol products corp. 


24-7 SALISBURY STREET 
MADISON, OHIO WORCESTER, MASS 


Representatives in Key Industrial Areos 


AND MFG CO, MADGON, O 
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Edwin F. Oblinger, Chief Engineer, 
Parker Sweeper Company, says: 


“WE THREW OUT 
PRESS FITS 
FOR BEARINGS... 


“We used interference fits to pre- 
vent bearing races from turning 
in the gear box of our 4HP Turbo- 
sweeper. Maintaining close tolér- 
ances was a constant headache. 
If the fit was loose, the race would 
slip and fret the surfaces; if the 
fit was tight, the race would de- 
form and bearing life would be 
shortened. Then we discovered 
LoctirE Liquid Sealant would do 
away with the need for press fits. 
We opened up the tolerances for 
both shaft and housing and used a 
slip fit, filling the clearance with 
Loctite. The bearings are retained 
with a force equal to the cus- 
tomary interference fit, but we've 
reduced rejected parts from 8% to 
less than 1% and reworked parts 
fell from 20% to 0! Field reports 
are excellent.” 





LIQUID 
SEALANT 

. . replaced 
interference 
fits and 
opened up 
tolerances 
almost 0.002 
in. on shaft 
and housing 
for this 
ball bearing 
assembly. 
Load of over 
1000 Ibs. is 
needed to 


break bond. 


Loctite is a penetrating liquid 
that hardens only after being con- 
fined between closely fitted metal 
parts. In the absence of air, the 
sealant hardens into a strong, heat 
and oil-resistant bond. The hard- 
ening action may be accelerated 
by heating. 


Loctite eliminates the 
need for interference 
fits on bearings, sleeves, 
shafts and studs... 
locks nuts to bolts, seals 
pipe and tubing joints. 
For further information 
write to: 


LOGTIT: pesaan? 


AMERICAN SEALANTS COMPANY 
119 Woodbine St., Hartford 6, Conn. 


Stocked by bearing and industrial distributors 


—= 


—— 


5 
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i 
New Parts and Materials continued 


in. centers. Relay measures 1} x 1 gy x ls 
in. Weighs about 3 oz. Potter & Brum- 
field Inc, Princeton, Ind. 

Circle 26, Reader Service Card 


Through terminal block . . . 
has connections at top and bottom. Heavy 
duty unit comes in several different lengths 
and number of terminals. Molded of glass 
filled alkyd plastic as per MIL-M-14I 
Molded-in threaded studs are manganese 
Supplied with slotted brass nuts 
made to specifications, packaged separately 


bronze 
or supplied assembled. Designed by Bu 
reau of Ships and covered by applicable 
military specifications. Kulka Electric 
Corp, 633-643 S Fulton Ave, Mount Ver 
non, NY. 

Circle 27, Reader Service Card 


Dry bar rubber cement. . . 
leaves a_ thin coating 
when rubbed on a surface and is not sticky 
to the touch 
pressure, but may be removed many times 
When smoothed down firmly, it forms a 
bond said to be stronger 
than paper itself. Bars are 50¢ each. Dry- 
stik Co, 4356 N Kedvale Ave, Chicago 41. 
Circle 28, Reader Service Card 


pressure-sensitive 


Paper sticks at fingertip 


waterproc of 


Hose assembly .. . 

with permanently attached ends includes 
wire-inserted woven rayon, rayon braid 
steel wire single and double braid and 
steel wire spiral reinforced hose for low, 
medium and high-pressure hydraulic and 
Perforated cover 


hose is included. Various types of threaded 


pneumatic applicatic ms 


end fitting connections and adapters ar 
available. Types for heavy-duty operation, 


(Continued on page 80) 
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PERFORMANCE 
PROVEN...... 


Specify G.l. to be sure! Nearly half a 
century of experience in solving the 
motor problems of large and small 
motor users throughout the world is your 
guarantee of satisfaction. 


\"— 
, 2% 


MODEL “A” Two-poie, shaded-pole motor 
Proved Dependable millions of times 
over, its the power choice of the 
nation’s great-name manufacturers 
setting an amazing performance record 
in countless applications from phono 
graphs to kitchen fans to pumps 





— 


HP Locked Max. Free 
2800 Torque Torque Speed A 
RPM in /ox. in./ox P~ 

1/5300, 07 3360 
Fr 350 1.0 3380. 
a7 3430) 

19 3430 
2.1 3500 
2.5 
2.7 
3.0 6.5 3500 | 
3.1 7.0 3490) 


40 75 | 34902 





Stendord shoft diameter .1817, 1/4 sheft 
ovailable if desired 


; 
| 
“ 
| 
| 


Motors For All Types of Applications 


e 


Write today for catalog 
sheet and quantity-price 
quotations 


THE GENERAL INDUSTRIES co. 


DEPARTMENT GK « ELYRIA, OHIO 
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BEAVER 
BALL SCREWS 


Successor to the Acme 
screw drive and preferred 
in many applications to 
hydraulic and pneumatic 
systems. Guaranteed 90 
efficient in converting ro- 
tary twist to linear push 
(or vice versa). Employs a 
stream of precision balls 
and ground lead to elimi- 
nate drag and wear in 
delicate instruments, air- 
craft, machine tools, mas- 
sive wind tunnel jacks, etc 
For horizontal and vertical 
actions, indexing, inching 
and traversing. Consul- 
tation and engineering 
service available. Write 
for literature 


ANY DIAMETER OR TRAVEL 


RAPID START 


= 
oe] 
< 
~i 
x 
U 
= 
~4 
2) 
r 


é 
e \X 


t 

Yeaver 

Drecision 

' Froducts . 
i INC. 


a CLAWSON 


EXTREME ACCURATE POSITIONING 


MICH. 
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New Parts and Materials continued 


tant t ho k load ITE iid to } 
! test d at pre Lire t 7 


l'emperature range for most hose is 
to 275 J 


to 


Standard hose ID ranges from 
2 in. with pipe threaded ends of 4 
through 2 in, Parker Fittings & Hose Div, 
Parker-Hannifin Corp, 17325 Euclid Ave, 
Cleveland 12. 


Circle 29, Recder Service Card 


Gear-teeth counter . . 
hecks diametrical pitch 
of fine-pitch spur gears 


ind number 
Count 
on vertical s 


line to left and tangential to gear. Etcl 


teeth 
indicates reading directly 
panel in aluminum and black is 11 x 5 
ind weighs 12 oz. Furnished with Zipp 
rt Hayek-Lindholm 
Associates, PO Box 69, Pleasantville. NY 


Circle 30, Reade: 


wrving ise S| 


Service Card 


ANT INTROS 


Height-slant control scriber . . . 


Te ted to vary heights and 


+} + 


ed vith tering mpl 
C. Keuffel & Esser Co, Adams 
and 3rd Sts, Hoboken, NJ. 


Circle 31 


i 


Reader Service Card 


Five lettering templets . 
1 { n added t Leroy Lin 
Mediu 

Shad 


tandard lettering 
ipital rtical « inting = styl 
Keuffel & Esser Co, Adams and 3rd Sts, 
Hoboken, NJ. 


Circle 32, Reader Service Card 


BIG NAME 
MACHINE TOOL 
BUILDERS 


SPECIFY 


BEAVER BALL SCREWS 
TO GET 


OPTIMUM 
POSITIONING 
piddil 7 tas 


* BALDWIN 
LIMA 
HAMILTON 
CINCINNATI 
MILLING MACH. 
CLEEREMAN 
MACHINE TOOL 
GALLMEYER 
& LIVINGSTON 
GIDDINGS 
& LEWIS 
VG alin | ake le) s 
HEALD 
MACHINE 
KEARNEY 
& TRECKER 
PRATT & 
WHITNEY 
SPRINGFIELD 
WV @al in| = 
SUNDSTRAND 
VAG alin a k@le@) 
THOMPSON 
GRINDER 
WARNER & 
SWASEY 


‘ 


= 1 
i . 
| iE 
“ye 
i 





* PLUS MANY OTHERS 


In head slides, etc , where precision 
control and maximium system stiff 
ness are essentials, engineers turn to 
ball screws and to Beaver because 
they specialize in high precision 
designs 

Can our engineers help you im 


prove your produc t 


i 
Seaver 
Drecision 

§ Droducts 


i INC. 
ry) CLAWSON, MICH. 


Large’ - 

manufac 
of precision 
pall screws 
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BEST PERFORMANCE, LOW COST 


with Flexonics 


BELLOWS 





MANNING, MAXWELL & MOORE 
Consolidated Safety Relief Vaive 
features FLEXONICS sealing bellows. 


After long investigation and 
literally thousands of tests, 
a Flexonics stainless steel, 
two-ply bellows was selected 
for the Consolidated Safety 
Relief Valve. The bellows 
isolates contaminants, corro- 


KOHLER of KOHLER eliminates closet 
condensation with thermostatic supply valve. 


A Flexonics bronze bellows is the heart of the 
new Kohler thermostatic valve designed to mix 
water from the hot and cold lines to deliver 
tempered water to the closet tank . . . eliminating 
annoying condensation (sweating). The fast re- 
sponse of the bellows keeps water in perfect 
temperature balance . . . automatically. Valve 
requires no adjustment for seasonal variations in 
water temperature. Another example of the adapt- 
ability of Flexonics bellows in designing for best 
performance at low cost. 


sion, or viscous fluids from 
the working parts of the 
valve. It is designed to allow 
a maximum variation in 
back pressure at the valve 
outlet while at the same time 
maintaining the important 
characteristics of high capac- 
ity, no change in set pres- 
sure, and limited blowdown 
changes. 





For design applications that involve the measurement of pressure or 
temperature...a flexible sealer...or even low-torque power transmis- 
sion —a Flexonics Bellows can be your answer. Send an outline of your 
bellows application — the Flexonics Application Engineering Staff will 


be pleased to make recommendations. If you prefer write for the a: 


Flexonics Bellows Design Guide ... 20 pages of valuable information. 


BELLOWS 


FLEXONICS CORPORATION + 1351 SOUTH THIRD AVENUE - MAYWOOD, ILLINOIS 


Divisions 
INDUSTRIAL HOSE - EXPANSION JOINT + BELLOWS - AERONAUTICAL - AUTOMOTIVE 
Fiexonics Research Laboratories, Elgin, Illinois 
in Canada: Fiexonics Corporation of Canada, Limited, Brampton, Ontario 


peel tel ite) a] 
ENGINEERING 
TODAY 
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OF 1107-1 C1 Oe MO] 07. e— 


Rugged and Reasonable for any Application 


Here are a few of the many precision-made 
Chicago Locks available. They're engineered 
for maximum security — made of carefully 
selected and tested metals. And they empha- 
size attractive design and compactness. 

Whatever your needs, you're sure to find 
a Chicago Lock that’s perfect for your pur- 
pose .. . and priced right, too. 


“One of the ACE Lock line—Maximum security locks with 
the exclusive round keyway. 


Write today for your FREE catalog showing, in detail, 
the entire Chicago Lock line. 


rubber... plastic 
CUSTOM MOLDED 
or EXTRUDED PARTS 


Let Geauga show you how 
to improve quality, extend 


service life....and with a 
probable new low in cost. FREE 
Prompt delivery, too! 10-PAGE: 


See latest developments @iier-¥e-\ mele 
and techniques 








a Me ON 


a 
COMPANY 


GEAUGA INDUSTRIES CO. 
A Subsidiary of Carlisle Corporation 
MIDDLEFIELD, OHIO 











CHICAGO LOCK CO. 


2050 N. Racine Avenue @ Chicago 14, Illinois 
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On this Massey-Ferguson Work Bull Multi 
Purpose Loader, a FUNK-designed 
REVERS-O-MATIC DRIVE permits triple 
operation with one pedal. Instantly changes 
the speed and direction of travel, leaves 
hands free for other operations and pro 
vides neutral speed control 
And a FUNK TORQUE CONVERTER 
automatically adjusts power between speed 
and load requirements 
Just one example of how FUNK MODI 
LAR POWER UNITS can be combined 
in an unlimited number of arrangements — without special 
engineering costs 
Let FUNK find the solution to your power transmission 
problem 
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CATALOGS 


and BULLETINS 


To obtain copies of literature described below, circle corresponding 


number on postcard inside back cover. 


PRESSURI REGULATORS-—Catalog 
506, Form 705F, 36 


ind pressure specifications, and inlet and 
} 


pp. Contains flow 


, 
itlet nn on dimension for each 


ut in line of cvlinder 


regulators. Also d 


manifold and 
scribes 
equipment. Air duction Sales 
Reduction Co Ii 50 E 42nd 
York 17 

Circle 33, Reader Service Card 
STAINLESS STEEL WELDING FI 
rINGS AND FLANGES-Catalog T1 

54 pp 


tation pressure 
ICCESSOTYV 
Div, Air 
St, New 


Revised edition carries dimen 


sional information on fittings and flang 
allowable vorkin 

temperature 
ince data. Corr 
to reflect 


ynform 


rating 


for types 3 

cations are SSC 

Broadway, Louisville 1] 
Circle 34, Reader Service Card 

PRANSFORMERS-—Catalog, 24 

f history of 


transformers, their measurement pecihca 


PULSI 
pp. Covers bri low-level pulse 
tions, applications, interchangeability, 
electric rating manufacturing and other 
data Includes tables 
matics PCA 


Schoenborn St 


harts and sch 
ctronics In 16799 
Sepulveda, Calif 
Circle 35, Reader Service Card 
INDUSTRIAL ENCLOSED SWITCHES 
Catalog 83C, 20 pp. Give 
haracteristics rating inf 


limensions 
rmation 
housing 


on nine 
listings are 
port I} 

Circle 36, Reader Service Card 
AC MAGNETIC STARTERS 
EN-150, 14 pp. Describes 
NEMA size through 4 for reversing and 
nonreversing single-phase and squirrel-cage 
Also covers omponent units and 
elements. Gives starter ratings and dimen 
sions. Cutler-Hammer Inc, 296 N 12th St 
Milwaukee ] 


switches. 99 
Switch, Fre 


Booklet 


starters im 


motors 


Circle 37, Reader Service Card 
DECIMAL-FRACTIONS EQUIVAL- 
ENTS vated 


white card stock 


84x 11-in. chart printed on 


with rounded corners 
Punched for wall hanging. Decimal equiv- 
alents are for fractional units from 1/64 
to 1 in. Ohio Seamless Tube Div, ¢ 
weld Steel Co, Shelby, Ohio 

Circle 38, Reader Service Card 
PRECISION GEARS— Bulletin GLA 
6430, 20 pp. De criptions of irk 


from less than 1 to ov 


pper 


th-to-tooth 
in. are supplemented 


with t 
accuracies of 0.0002 
with discussions of design, manufacture 
lab control and allied products. General 
Electric Co, 1 River Rd, Schenectady 5 

Circle 39, Reader Service Card 
PRECISION ELECTRICAL 
SWITCHES-—Catalog, 31 pp. Describes 


switch produced; also heavy-duty, 


dia and Spacing 


Dasi 
miniature, double-pole, hermetic, one-way 


npulse and other type Glossary, price 
list, general design considerations are also 
included. Licon Div, Illinois Tool Work 
2501 N Keeler Ave, Chicago 39 

Circle 40, Reader Service Card 
CORROSION-RESISTANT ALLOY- 
Booklet F-3 107, 16 pp Chemical 
physical and m« il 


nted thi 


pt perties 
alloy C are pres 
of charts and graphs. Alsi 
n resistance and high-temperatur 

rt Haynes Stellite Div, Union (¢ 

rp, Kokom Ind 

Circle 41, Reader Service Card 

ELECTRICAL WIRING DEVICES 
Pocket-size catalog, File No. 314 
devi 


interchange devi 


pp. Covers 3-wire | 
devices 
ceptacles, combination devices 
eptack 
king devices, fus¢ 
wrmored caps and connectors 
trical Mfg Co In 


Long 


range and dryer r 
devices, lo sO 
Eagle I 
23-10 Bridge Plaz 
Island City 1, NY 

Circle 42, Reader Service Card 
INDICATING DIAI PTHERMOMI 
rERS—( 5, 12 pp. Describes 1 
designed 
ments in 40 to | 


itions for direct a1 


italog 2 


line for temp 
I 


ing types and information \ 


materi 


ums iS¢ 
lables provide selection and dimer 
information US Gauge Div American 
Machine & Metals, Inc, Sellersville, Penna 

Circle 43, Reader Service Card 
WIRE CLOTH-Brochu: 


ifications and characteristics 


extra-fine meshes are presented 
ind curves. l nique Wire Weaving ¢ 
In 762 Ramsey Ave, Hillside, NJ 
Circle 44, Reader Service Card 
POROUS FILTERING MATERIALS 
Brochure, 4 pp. Descril l 


trial filter 
including characteristics, efh 


CS ind 
structure 
rncy 
able Curves 


water 


ratings. Gives shape sizes avail 
retention 


thick 


tention 


, 
indicate particle 


flow vs pressure for various 


nesses and water flow vs part 
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in. thick material at various pres 
ning Glass Works, Corning, NY 

Circle 45, Reader Service Cord 
BONDED MOUNTINGS 


vibration 


CENTER 
Bulletin 712, 4 pp 
shock 


installation, performance and spc 


Discusses 


isolation absorption and design 
fication 
f compression and shear-type mounting 


Lord Mfg Co, Erie, 
Circle 46, Reader Service Card 

MECHANICAL SEALS—Catalog sect 

+ pp. ¢ 

scriptions, data and specifications for sea 

§ for 

dia. Describ 


eals that provide two-way sealing 


Penna 


mtains typical installations d 


in size shafts with 4 to 3 15/16 
ustom line of roll 


; 


water out of roll neck 


xington Ave, Home 


lubricants in and 
Syntron ¢ 240 Le 
City, Penna 

Circle 47, Reader Service Card 
AIR, HYDRAULIC CONTROI 
VALVES Description 
ind spe in 

i Tre 


Bulletin, 5 pp 
ations § for t manua 

hani t-actuated 
Beck 


VW 


Circle 48, Reader Service Card 
HIGH-IMPACT REINFORCED 
MOLDING COMPOUND-—Phamph 
D-203, 6 pp. Ad 

iipment and mold design fot 


Di 


ippropriate m 


rp, North Tonawanda, NY 
Circle 49, Reader Service Card 
rEST-POINT CONNECTORS-—B: 
hure, 6 pp. Give pecil ation 
dimensions and 
printed cir tor 
1, 6, or 16 te omt r-Am ( 
+ | Island (¢ 
NY 
Circle 50, Reader Service Card 
TACHOMETER GENERATORS-—B 
tins, 2 pp each. De ripti 
imen is for 
tro-Mechano Co, Milwauh 
Circle 51 
ELIMINATING PISTON ROD DI 
FLECTIONS—Catak 
ns table that 


rating 1 


tachometer 


Reader Service Card 


i d f 
k Reedy Corp 
N Hawthor A Melt Park, I 
Circle 52, Reader Service Card 
UTILITY PUMPS—Catalog 
pp. Presents dimension 


} 


ance data, materia 


(Continued on page 85) 
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Be sure your "OE" is "OK" 


Original Equipment, (OE), such as cams, must be absolutely correct in 
form and dimension to assure exactness in transmitting the mechanical 
motions for which they are applied. A great responsibility rests on the 
maker of the cams. Specifications must be met exactly and to the 
smallest detail from original design to finished product. 


Responsibility is what has built Rowbottom reputation from Coast to 
Coast . . . a reputation that was established away back in 1906 when 
George Rowbottom designed and built the first Cam Miller. Over the 
years, this reputation has grown through production of countless thou- 
sands of cams of all types . . . box, barrel, side, indexing . . . and now 
extended through cams hardened and ground exactly to rigid specifica- 
tions for shape and bore. 


Rowbottom is well equipped to assume this responsibility for cam pro- 
duction either through furnishing Cam Millers and Cam Grinders or in 
acting as your “Cam Production Department’, whichever is most ad- 
vantageous for you Rowbottom” and “Cams” are synonomous. 


Send for illustrated literature show- 
ing typical Rowbottom-produced 
cams and hi for king them 
Outline your requirements .. . ask 
Rowbottom for recommendations 





CAM MILLER 
No. 325: Capacity: up to 32” diam 


The ROWBOTTOM MACHINE COMPANY 


30 SHEFFIELD ST., 
WATERBURY CONN. 


Typical cams produced on Rowbottom machines 
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to resist 
stress, wear 
and vibration 


They increase 
product durability 
at low initial cost 


WAUKEE ROTARY-VANE 
==—| COMPRESSORS 


Model! cru | erm | see | With built-in pressure regulator 
oo | 650 | % | 400 to 6000 CFH at 1 to 3 psi 

600 700 V 

750 | 850 | “2 | The Waukee Compressor supplies a 

1000 750 “2 . ; . ~— 
steady flow of pulsation-free air or gas 

, mixtures at pressures of 1, 2, or 3 psi. 

1 Featuring air cooling, rotary-vane 

] 

1 





CAPACITY TABLE 





Simple one piece design — ho inserts 
— no outside devices. Nothing com- 
plicated — the Gripco locking action 
is within the nut itself, yet you get low 
initial cost and low application cost 
with increased customer satisfaction. 
Speed production and lower manufac- 
turing costs on your products now. 


. 


' construction, and a built-in automatic 
by-pass regulator, the Waukee Com- 
: pressor is smooth, quiet and dependable. 
5 Also available for vacuum application. 
Whether for OEM or replacement 


2 | use, the Waukee Compressor provides Send for samples and full partic- 
- uuu | 2 Neat, sturdy, compact installation. Its ulars. 
rotary-vane design has few moving j 
. 


<ac0 er zme TONS! 














parts; no metal-to-metal contacts. Ball Gripeco Products Vuclude: 
an 
cS ew 


Waukee Compressor: shows rotor and 
blades; automatic by-pass regulator 
piston and diaphragm assembly. 


For complete specifications, 
write for Bulletin 430. 


bearings are permanently lubricated 
with silicone grease. This simple con- 
struction means that any good mechanic 


“can service a Waukee Compressor. 


We ENGINEERING CO. 


5145 N. 35th St. + Milwaukee 9, Wis. 
makers of Waukee gas Flo-Meters - Mixors - Washers 
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Gripco Lock Nuts + New Gripco “Clinch Nuts” 
Gripco Hi-Nuts + Gripco Pilot-Projection and 
Countersunk Weld Nuts 


all with or without the famous Gripco positive 
locking feature. Also Standard Semi-Finish Nuts. 


102 Maple Ave. +» South Whitley, Ind. 
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Catalogs and Bulletins continued 


incorporate helical screw principle. Con 
tinental Pump Co, 1027 S Vandeventer 
St. Louis 10 

Circle 53, Reader Service Card 
PHENOLIC RESIN PRODUCTS—Book 
let CDC-358, 8 pp. Includes production 
data properties and suggested applica 
tions for molding powders, laminating 
varnishes, foundry resins, coating resins 
and industrial resins and varnishes. General 
Electric Co, 1 Plastics Ave, Pittsfield, 
Mass 

Circle 54, Reader Service Card 
FERROMAGNETIC MATERIALS—Bro 
chure, 4 pp. Physical and electromagnetic 
properties of material comprising iron 
powders dispersed in special binders and 
insulation to provide cores that operate 
at temperature to 662 F. Polymer Corp of 
Penna, Reading, Penna 

Circle 55, Reader Service Card 
INTEGRAL-SHAFT SHEAVES—Bulletin 
20B7897B, 6 pp. Construction and operat 
ing features of sheaves for low-cost steples: 
speed control in large machine drive 
Allis-Chalmers, Milwaukee 1. 

Circle 56, Reader Service Card 
SATURABLE REACTORS—Bulletin C 
15-S, 4 pp. Describes standard line of 
proportioning reactors, tr insductors, switch 
ing reactors and preamplifiers. Includes 
physical and electrical characteristics, di 
mensional drawings and _ specifications 
Control, Div Magnetics Inc, Butler, Penna. 

Circle 57, Reader Service Card 
4-CYLINDER L-HEAD ENGINES—Bul 
letins E-128, E-129 and E-130, 2 pp each 
Gives basic installation diagrams, power 
chart and specifications. Engines described 
ire rated, respectively, 46.5 and 49.5 hp 
at 3200 rpm and 28.4 hp at 4000 rpm 
Hercules Motors Corp, Canton, Ohio 

Circle 58, Reader Service Card 
HONING OF PARTS—Booklet, 16 pp 
Gives production rates, size, tolerance 
stock removal and finish data on 99 di 
versified parts from 4 to 23 in. ID. Sunnen 
Products Co, 7910 Manchester Ave, St 
Louis 17 

Circle 59, Reader Service Card 
CAPILLARY TUBING—Data memoran 
dum 11, 11 pp. Defines capillary tubing 
and discusses materials, tolerances, finishes 
special processing and inspection tech 
niques. Chart gives max lengths for com 
binations of OD and ID. Superior Tube 
Co, 1556 Germantown Ave, Norristown 
Penna 

Circle 60, Reader Service Card 
SELECTING A TIME SWITCH-—Cata 
log 159, 8 pp. Explains principles of 
switching and timing; discusses perform 
ance characteristics and available switches 
Includes typical wiring diagrams and 
specifications. Sales Dept, Tork Time 
Controls Inc, Mount Vernon, NY 

Circle 61, Reader Service Card 








A basic “bread and butter” team 


Each A-MP terminal line and matching tool were de- 
signed to go together like bread and butter... and to 
be as basic to your electrical circuit termination program. 


Reliability and lowest cost also go together like bread 
and butter in this A-MP tool and terminal method. 
There are no hidden “‘caviar’’ costs or doubtful connec- 
tions. In fact, total installed cost is lower than any 
other terminal-attachment method, while the entire 
termination operation is mechanically quality-controlled 
to create the highest reliability in the finished product. 


In addition, AMP manufactures a more diversified line 
of termination products than any other firm in the 
world, ranging from top quality circuit terminals and 
splices to versatile multi-circuit units for the most com- 
plex electronic components. 


Here, truly, is a line that will earn its bread and butter 
in your plant day after day, year after year. 


Write for more information on this modern, low cost 
circuit termination method. 


AMP INCORPORATED 


General Offices: Harrisburg, Pennsylvania 


A-MP products and engineering assistance are available through subsidiary 
companies in: Canada « England « France « Hollund + Japan 
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New ideas...new 


with L 


AC 


AN ENTIRE LENS SYSTEM : 
Twe t 

backbone of 

and 

TE 

Lenses by 

Calif.; display 

sStrial Electron 


vEN if Lucrre did not possess its brilliant 
transparency, you would want to use it 
in your designs for its other valuable prop- 
erties. LuctrE is a strong material — stronger 
in some respects than plastic materials that 
are known primarily for high strength. 
AEFRACTEL Lucire is outstanding for resistance to sun- 
RAY light, weathering and many classes of chem- 
. icals. The resin can be economically molded 

EASY WAY TO FIND THE ANGLES. The in : - ; 
dex of refraction of Lucite is 1.49 with a high degree of accuracy. With recent 
Since this is practically a 1.50/1 or 
3/2 ratio, it is easy to construct the 
path of a light ray through LucITe 
Draw two semicircles as shown, cen- 
tered at the point of intersection of 
the incident ray. Draw a perpendic 


ular from point A on the inner circle 
to point B on the outer circle. The 
continuation of the line drawn from 


B through the origin gives the path ACRYLI1 RESIN 
of the refracted ray 
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In Caneda: Du 


designs 


UCITE 


me oe” _f ee 


developments in Lucire, the design possi 
bilities are rapidly widening. 


writ FOR VALUABLE NEW BOOKLET. Title 
‘A New Look at the Product Design Quali 

fications of a Popular Plastic, Lucite.”’ See how 

Lucite makes possible new uses, greater sales 

potential. The address: E. I. du Pont de Nemours 

& Co. (Inc.), Polychem- + 

icals Dept., RM. L-36-2-2, 

Du Pont Bidg., Wilming 

ton 98, Delaware 


_—_———— --—._ 


Pont of Canada Limited, P.O. Box 660, Montreal, Quebe 
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DESIGN ABSTRACTS 


Subjective Measurements 
Stating that 


ment 


“every act of measure 


involves a human 


judgment,” 
differentiations are discussed between 


what are termed “physical” and “sub 


] 
jective measurements. Precision of 


measurement is determined by rating 
reproducibility capacities of the system 


Whether 


procedures Is engineering or scientif 


used goal of measuring 
work, established principles for the 
design of experiments should be ap 
plied 

Subjective Measures in Engineering,” John 
Versace, Chrysler Corp; SAE paper 2.S, 485 
Lexington Ave, New York 17 


Oil Consumption in a Diesel 


Using radioactive lubricating oil 
relation between break-in wear and 
ul consumption was attempted. Con 
imption was ilso investigated as a 


load 


piston-ring 


function of engine speed, tem 


perature, configurations 


A Study, Using Radioactive Lubricating Oil, 
of Rate of Oil Consumption in an Operating 
Diesel Engine,” Pobereskin, Sunderman, Fithian, 
Battelle Memorial Institute and Cooper Besse 
mer Corp; ASME paper 58-A-143, 29 W 39th 
St, New York 18 


Oxidation of 


Gear Lubricants 


\ simple laboratory test for evalua 


stability of geal 

ibricants provides results that cor 
elate idequ itely with field experience 
Oxidation of Gear Lubricants 
and Field Pohorilla and Hart 


fining Co; ASTM Bulletin, Dec 1958 
St, Philadelphia 3 


tion of oxidation 


Laboratory 
Kendall Re- 
1916 Race 


Simplified Calculation 


of Design Stresses 
Formulas are given for 
hime three 
of indi 
Stress an strain 
resistance t ending 
ind twisting are discussed and 
lusti ited 
Simplified Approach to Calculating Design 
Stresses, O W Blodgett, Lincoln Electric Co; 
Welding Journal, Dec ‘58, 33 W 39th St, New 
York 18 


Stress of Threaded 
Fasteners 


I'he results of a survey of 1U pub 
onducted by Case Institut« 
hnology for 


Industrial lastenetr 


nN ( 


PRODUCT ENGINEERING * February 


Ihe study was 
with the 


classifica 


Institute are described 
devoted to nuts and bolts 

Major 
load 
thread 


ind material 


emphasis on nuts 


tions used distribution, 
bolt 


height 


were 


fracture, stripping, nut 


Some 30 refer 


ences are included in this article 


Literature Search on Stress Analysis of 
Threaded Fasteners,” Fasteners, Vol 13, No 4, 
Industrial Fasteners 1517 Terminal 


Tower, Cleveland 13 


Institute 


Vibration 

Various types of vibration are dis 
cussed, including those caused by im 
factors 


as ocean waves and paving irregulari 


balance, torque, exterior (such 


ties), dry friction, oil whip, flutter, 


obstructions in flow streams, shimmy, 


unstable combustion. Some _ theory 


and math is also included, as well a 
ome calculation techniques 

Vibration: A Survey of Industrial Applica 
J P den Hartog, MIT; Journal of Society 
of Naval Engineers, Nov. ‘58, 1012-14 Street 
NW, Washington 5, DC 


tions, 


Rapid Loading of Plastics 

\ comparison of both high and low 
values of mechanical properties for 
cellulose nitrate 


} } 
polye thvlene and 


cellulose icetate, 
nylon, polysteren¢ 
other 
test equipment that applied 
5 | mphas 


designed to mea 


materials was obtained with 


in 5 to 15 millisec 
procedure 
required to produce vield 

How Plastics React Under Rapid Loading 
Rugger, McAbee and Chmura, Picatinny (NJ 


Arsenal; SPE Journal, Dec. ‘58, 440 Post Rood 


Orange, Conn 








LEVEL GAUGE | 
of LUCITE acry 


TE is unaffecte 


a 
ee 


SOLAR RADIO powered by the sun's ray 
Clear, transparent LUCITE protects 
con cells. Dial parts of LUCITE lend a touct 
Molded by Modern Plastic Co 
for Hoffman Electronics Corporation, bot? 
of t Angeles, California 


LUCITE 


ACRYLIC RESIN 


the silt 


of beauty 
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“TORQUE WRENCH’ 
MANUAL 


Formulas 
Applications 
Engineering Data 
Screw Torque Data 
Adapter Problems 
General Principles 


i... af 
"LEVAN 


4 


47-page catalog 
illustrating complete 
line of 


AIR CYLINDERS, 
AIR VALVES, 
AIR CLAMPS, 
DIAL FEED 
TABLES 


ALLENAIR 


The cylinder of “distinction” shown above 
is a Factory Reject. Only straight rods 
available. 


WRITE 
BEFORE 
NEXT 
TUESDAY 


| ALLENAIR CORP. PhG-2 | 
| 255 East 2nd Street, Mineola, N. Y. | 
| Name | 
| Company , | 
| Address | 
| City Zone State | 


eee eee ae ae ae wr ee 
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NEW 
BOOKS 


Reliable Electrical 


Connections—1958 


Third EIA Conference on Reliable Electrical 
Connections. Published by Engineering Pub- 
lishers, Div of AC Book Co, Inc; General Post 
Office, Box 1151, New York 1. 6 x 9, 286 pp. 
$7.75. 

l his 
lished 


concept 


conference 

before the 
(See PI 

summary of meeting.) 


report was pub 
conference—a new 
Dec 22, p 27 for 
The report con 
tains 32 illustrated papers by 45 lead 
ing engineers and scientists, covering 
majority of mimature and low-power 
(less than 10 hp) electrical and elec 
tronic Airborne and elec 
tronic types are the main ones dis 


connections 


cussed, although many discussions also 
to Soldering prob 
lems are given lengthy treatment 
Printed-circuit AN-type con 
nections under 


apply industrial 
and 
analyzed these 


topics: vibration; plated-through holes; 


are 


eyelets; quality control; coaxial plugs; 
military requirements; sliding contacts; 
ultrasonic welding; resistance welding; 
galvanic corrosion; contact coatings; 
resistance soldering; wire sizes; pig 
tails; and Wire 
Wrap. Industrial power connections 


ire treated in these topics: permanent 


separation forces; 


splicing: ultrasonic welding of ribbon 
coil transformers (through insulation 
compared with capacitor discharge 
welding; aluminum power connections 


to over 100 amps 


The Solid State 


for Engineers 
MAURICE J SINNOTT. John Wiley & Sons Inc, 
440 Fourth Ave, New York 16. 62 x 91, 
515 pp plus index. $12.50. 

Ihis book is neither a textbook on 
materials treatise 


engineering nor a 


on solid state physics. Instead it is 
in attempt to give the engineer the 
basic principles underlying the be 
of After the open- 


ing chapters on the structure of mat- 


havior materials 


ter and crystallography, the author 
the of 
phenomena to engineering problems 


discusses application these 
Chapters on thermal stability, elastic 
ind plastic deformation, electrical and 
optical properties follow. 

The last chapter, “Miscellaneous 
Surface Phenomena,” demonstrates 


the point of development of the solid 


(Continued on page 89) 











WERE LIMITED TO 
ONE ENGINEERING BOOK 


the 6th Edition of Marks’ 
MECHANICAL ENGINEERS’ 
HANDBOOK would give you 
the greatest value and 
satisfaction as that book 








Complicated problems 
disappear as easily as 
routine estions of de 
when 
this outstand 
ering guide. 
our methods 
best ac 
practice as re- 
r the 18 com- 
d and mod- 
r of this 
covers every 
mechanical en 
fron aeronau 
refrig- 

gen 
from 
machines 


ractice 


today's 


ely reviae 
ernized at 
handbook. It 
branch of 
ering 
tics to 


gine 
echanical 
eration fron power 
welding, 
utting 
to hoisting and 
providing answers 
stions 


eration 
metal 
convey 
ing 
thousands of 


ery type 


que 








’ IMPROVED 
Marks 6th Edition 


MECHANICAL 
ENGINEERS’ 
HANDBOOK 


Revised by a Staff of Specialists 


Editor, THEODORE BAUMEISTER 


Consulting Engineer; Stevens Professor of 
Mechanical Engineering, Columbia University 


Sixth Edition. 2270 pp., 6x9, over 2000 illus., $23.50 


EASY 
TERMS 


This 
the 


Pay only $5.50 in 10 days, then $6.00 
monthly until $23.50 is paid 


improved Sixth Edition reflects all 
latest advances in the field, covering 
such ics high-speed aerodynamics, 
nuclear power, instrumentation and control, 
automat computers, et 





18 SECTIONS COVER 


* Mathematical Tables and Weights and Measures «+ 
Mathematics « Mechanics of Solids and Liquids + Heat 
« Strength of Materials « Materials of Engineering 
e Fuels and Furnaces *« Machine Elements + Power 
Generation « Hoisting and Conveying * Transportation 
¢ Building Construction and Equipment « Machine-shop 
Practice « Pumps and Compressors * Electrical Engi 
neering « Instruments and Controis « industrial Engi- 
neering « Refrigeration, Surveying, an¢é Miscellany 


10 DAYS’ FREE EXAMINATION 


McoGRAW-HILL BOOK CO., Dept. PE-2-2 
327 W. 41 St., New York 36, N. Y. 
Marks’ 





Mechanical Engineers’ Handbook 
r 


Send me 


on approval. In 10 days I will (check one) [ 

$23.50 plus few cents delivery costs; or 1) $5.5 

10 day and $6.00 a month until $2 is paid 
Otherwise, I will return book postpaid (We pay 
deli osts you emit. with a 
return privilege 


wder; same ex 


amination and 


Position 
For price and terms outside U.S., 
write McGraw-Hill Int'l., N.Y¥.C 
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New Books 


continued 


state physicist’s evergrowing under- 


standing of metals and nonmetals. 
Dr Sinnott has provided a useful in- 
troduction for the product designer to 
the new aspects which so many of the 
old familiar engineering materials take 
on under analvsis by the solid state 
physicist 


Dictionary of Physics 


Edited by H J GRAY. Longmans, Green & Co 
Inc, 55 Fifth Ave, New York 3. 544 pp, 6% x 
10. $16.50. 


The biggest criticism of this book is 
that its title is far too limiting. It 
might well have been called “Diction- 
ary of Electrical Engineering,” and it 
contains many mechanical engineering 
terms as well. Prepared in England, it 
is surprisingly up to date. For instance, 
the table of elements includes men- 
tion of element 101, mendelevium. 
Among its useful features are inclusion 
of a good many men of science (E. O 
Lawrence, for instance), and frequent 
references to sources of definitions 
many of them US publications 


FBI Register—1959 


Kelly's Directories Lid and Iliffe & Sons Ltd, 
Dorset House, Stamford St, London S. E. 1. 
92 x 7V2, 1,140 pp, approx $7.50 


This guide to a cross-section of 
British industry lists products and 
7500 member firms of 
the Federation of British Industries, 
under more than 5400 alphabetical 
headings 

In addition to the buvers’ guide, 
there are seven other sections, giving 

(Continued on page 91) 
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at work 
around the world 


Radicons drive coal feed conveyors at one of England's largest power plants 


WHY O.E.M. INSTALLATIONS ACCOUNT 
FOR 85% OF RADICON SALES 


In Europe, Africa, South America, Australia, Canada and the U.S., Radicon 
speed reducers are harnessing motor speeds into working power for all in 
dustry. 

From missile launchers to supermarket check- out counters, product design 
engineers have come to know the important 1-2-3-4 reasons why Radicons 
are specified on so many different industrial applications—and why OEM 
installations account for 85 percent of the David Brown Radicon sales 


1. PRiC&—The original equipment manufacturer is always fully pro 
tected on the industry’s accepted discount, and Radicon drives are still com 
petitively priced at the user level. 

2. RELIABILITY —Trouble-free operation under all operating ex 
tremes. 

3. PRODUCT LINE—A Radicon in the size, type and ratio for every 
job. 

4. DELIVERY —Off-the-shelf on Radicons in 14 sizes, 114” 
types, 17 ratios from 5:1 to 250:1. 


to 14”, 8 


Get the details on the cooperative service of 
David Brown companies around the world 
on the next installation! 


D ID BROWN, inc. 


(one of the David Brown Industries) 


999 Beecher Street, San Leandro, California 
6025 Atlantic Bivd., Maywood, California 
1224 S$.W. Morrison St., Portland, Oregon 
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Save space, weight, horsepower — improve 
performance — get “‘lifetime’’ dependability with 


FIMAN Rotary Positive 
AIR PUMPS 
ao & _— , 

Over 70 years’ air engineering at your service 


2-VANE TYPE. Vecuums to 29.9 
; pressures to 70 ibs; displacement 


4. VANE TYPE. Vecuums to 20” Hg; 
pressures to 15 Ibs; displacement to The exclusive Leiman hinged metal vane design 


maintein continveys sealed contact adjusting lever forces wear-resistant provides 2 to 3 times more air space per weight and 
with cylinder walls by centrifugal 
force. Small pistons, large air cham- 


bers, greater capacity 


steel bledes to cylinder walls, pre- 
venting sticking or blading, meiniein- size of pump. Maintain original pump ratings and 


| 
| 
I 
162 <.f.m. Vanes hinged to pistons i from 2.4 te 105 ¢.t.m. Automatic Vane 
! 
| 


ing positive vocuum or pressure trouble-free operation for years because simplified 


a a aaa a ee ee ee design has fewer moving parts—all parts are durable 


! 

! 

I 

l 

i 

! 

I 

I 
co q COMPACT l cast iron and steel (not composition) — no gaskets or 
INTEGRAL ! ; packing—quiet operation—little or no maintenance 
PUMP and MOTOR , Every pump tested before shipment. Over half million 

installed. 
27° Hg. Vacuum | 
20 psig. Pressure l WRITE for 16 page Catalog, plus Application Book 
! showing dozens of “how-to-do-it" biveprints. 

! 

I 

! 

| 

t 


Uses Leimen S-vene pump. Fen- DOUBLE CYLINDER MODEL 
a 


cooled for continuous operation. Auto- Provides both vacuum (suction) and 
matic oiler, over load protection, ball pressure simultaneously. Needs only 
bearings. Iniet filter and outiet separa- one motor—saves space. Models up 
tor for oil-free air to 20” Hg. Vacuum, 15 psig. pressure. 


Twe models, 3.6 ¢.f.m. and 7.2 ¢.f.m WR 
LEIMAN BROS., Inc. sone 


107 Christie St., Newark 5, N.J. 4 


+ 
Established 1887 . 


Other types: Radiator-cooled « Fan-cooled « Water-cooled « Tank Models « Motor-driven Units « Gas Boosters « Air Motors 
CIRCLE 148 READER SERVICE CARD 


THE TREND automatic "conte 


clutch 


engages at 
any speed 





IMPERIAL, actuation ina package! 


romagnetic principle gives you complete freedon 
ntrols for engaging and releasing 

t from a 6 or 90 volt, d-c power s 
rque-producing clutch f id Operates at any 

There's no easi ay to control power aur 


ishDutton—no faster way t ycie a machine ! 


Ogging. Write for talog No. 6292 hie 
Warner Electric Brake & Clutch Co. 
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New books 


addresses, information about trade as- 
sociations, proprietary names, trade 
marks. A feature providing a useful 
not fullly con- 
versant with British product terms, is 
the French, German and Spanish 
glossaries. These give translations of 
every product term used in the main 
buvers’ guide. 


reference for buyers 


Conference on 
Welding Engineering 


US Army Engineer Research and Development 
Laboratories. Published by US Dept of Com- 
merce, Office of Technical Services, PB 131739. 
462 pp, 8 x 10. $6. 


Although this report on govern 
ment-sponsored research covered the 
broad topic of welding, it included 
many aspects About a 
quarter of the 35 papers have substan- 
tial design content. These included 
topics on: design of welded hydraulic 
structures, welding and arc cutting 
aluminum alloys, evaluation of welded 
structures, steel castings in weldments, 
welded design for vibration control, 
and welded aluminum failures, notch 
toughness of welded material, design 
and fabrication of welded aircraft 
parts. Of the remaining papers most 


of design. 


had some design information but it 
was scant. 

This report is worth its price if one 
of the above topics will help solve 
specific problems. 


Proceedings of the 
National Electronics 
Conference, Volume 13 


National Electronics Conference, Inc, 84 E 
Randolph St, Chicago 1, Ill. 9 x 6, 1066 pp. 
$7.50. 


This meeting was held in Chicago 
in October 1957 
clude papers on 
communications, 
tors, 


The proceedings in- 

transistor circuits, 
semiconduc- 
components, elec- 
tron tubes, magnetic amplifiers, instru- 
mentation, and many types of circuit 
analysis 


SeTVOS 


microwaves 


Basics of Digital Computers 
Volumes 1, 2,3 


JOHN S MURPHY. John F Rider Publisher Inc 
116 W 14th St, New York 11. 6 x 9, 116 pp 
133 pp and 136 pp. $6.95 per set 

This is a 


ourse which leaves no 


_» } 
3-volume_picture-book 


ston unturned 


, 
from the extremely simple basics (early 


thoughts on computers) to data proc 


m At no point do the 


continued 


reader need to understand electronics 
or higher mathematics, yet the subject 
of computers is covered sufficiently to 
help the potential user understand and 
make decisions regarding any available 
compute! 
The first 


demonstrates 


volume defines terms, 


computer arithmetic, 
programming, memorization, and or 


der-following The second volume 


block diagrams, 


flip-flops, clamping and damping cir- 


graduates into logic 


cuits, magnetic core shifting, decoders 
The last 
system 


volume handles the large 


aspects and covers memory 


control systems and input-output 


English-Russian, 
Russian-English 


Electronics Dictionary 


Dept of the Army. McGraw-Hill Book Co, Inc 
330 W 42nd St, New York 36. 6 x 9, 952 pp. 
$8. 


Here is a comprehensive dictionary 
in the fields of electronic and 
applications. Translates about 22,000 
Russian terms and abbreviations into 
English and 25,000 terms from Eng 
lish into Russian. The dictionary was 
compiled from all modern sources 
available in the US, USSR, and UK 
including many terms obtained from 
Soviet factories, research institutions, 


theory 


and individual scientists 
Russian verbs are given in both im 
perfective and perfective forms; pecul 
iar Soviet terms which, strictly speak- 
ing, have no equivalent in Western 
terminology are explained; terms hav- 
ing two spellings are given in both 
(Continued on page 93) 





FIGHT 
HEART DISEASE 


Give 


to your 3 


HEART FUND 
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Some Reasons Why 


DURA 


MECHANICAL 


SEAL 


is the Best to Buy 


eorates © 


is backed by 25 years of experi- 
ence in the mechanical sealing field. 


means successful sealing of corro- 
sive, volatile or abrasive conditions. 


meets the widest range of pres- 
sures, temperatures and liquids. 


is easy to install — application can be 
made on your present equipment. 


parts are interchangeable, provid- 
ing economical operation on mul- 
tiple applications. 


is repairable —replacement of worn 
parts restores service and protects 
your investment. 


is represented by a national net- 
work of Sales & Service Offices. 


For information on types of Dura 
Seals to meet your sealing needs, 
write for copy of Catalog No. 480 PG 


DURAMETALLIC CORPORATION 


KALAMAZOO, MICHIGAN 
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Milsco Cushion Seats Custom Designed and Engineered 


Outstanding Example Is Smartly Styled ‘“‘Thrift-King’’ Seat; 
Specified And Favored In Every Field of Mobile Equipment 


@ From out of a complete line of over twenty basic models probably the nation’s greatest seating value... giving 
comes this versatile unit in what has been described as you an unequalled composite of quality with economy 


Featured in the “Thrift-King” Seat is meres | 
a wide selection of highest quality cov- 
erings and eye-styled color combina- 
tions. With the almost limitless prod- 
uct development possibilities this 
provides, your specific seat require- 
ments will be met with Milsco’s rare 
fusion of reality and individuality. No 
other approach to your problems will 
assure you of such complete satisfac- 
tion throughout every department. 
This, as well as other Milsco Seats, is 
available with or without the practical- 
ly-designed pedestals or risers, for 
multi-positions and uses. Cushions are 
anes heavily padded with several inches of 
2" AFT foam rubber for more durable service 
ADJUSTMENT and operator ease. Other important 
advantages include such sales-pluses 
as: exceptionally sturdy, welded angle 
steel frame, and comfort-curved back- 
Over-all dimensions showing rela- rest with optional features for folding Pedestal assembly available, with or 
tive position of folding backrest. convenience. without fore and aft adjustment. 


ee eS 195 ae 











For illustrated catalog sheet Number 104, which gives a further information on other cushion and contour seat- 
detailed description of the “Thrift-King” Seat, and for ing, write, or call 


MILSCO MANUFACTURING COMPANY 


2738 North 33rd Street ° Milwaukee 45, Wisconsin Phone Hilltop 4-6030 
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tod ng 
nt) EF te? i 


. 


Stock Prices 


Immediate Delivery 
DY N Age 0 


1/16” Face Width DIFFERENTIAL 
MINIATURIZED GEARS 
1/32”, 1/16” & 3/32” Face Widths Available 


PRECISION CLASS 1&2 
72, 96 & 120 dia. Pitch with 20° Pressure Angle 
Assembled gears available in aluminum or stain- 
less steel...all have stainless steel hubs, pinning. 


wo, FREE 
0937 through .1875 
Send for 





Face Width 
Pinions 3/32" 
lt lc gKXr a 
.218 and .250 Catalog 


V 
OV MABIC ce comm = 











GEAR CO. INC. 
20 Merrick Road kK be~  y 
Amityville, N.Y. ea 


ares ne Te oe. 


Phone AM 4-4788 Address correspondence to 768 Belleville Avenue, New Bedford, Mass. 


92 CIRCLE 153 READER SERVICE CARD CIRCLE 154 READER SERVICE CARD 








New Books continued 
forms; and an extensive cross-reference 
system is provided. No effort is made, 
however, to teach Russian or even to 
indicate pronunciation of the words 
defined. Bibliography includes list of | 
sources from which electronic 
were obtained. 


terms 


The Junction Transistor 


and its Applications 


E WOLFENDALE, Editor. MacMillan Co, 60 
Fifth Ave, New York 11. 6/2 x 9/2, 390 pp. 
$7.50. 


A research team of nine European 
physicists and engineers have put to- 
gether a book that tells the story of 
the transistor from the physics of semi 
conductors to their application in typi 
cal circuits. Although separate sections 
have been authored by a specialist in 
that topic, the book is not simply 
of unrelated technical 
papers—each chapter is based on infor 
mation in previous chapters and each 


INDEX 
PLUNGER 


HINGE 
CLAMP 


Veer) 


4) Base MOUNTED 
SWING CLAMP 


a_ collection 


expands the student’s grasp of cir 
cuits and fundamentals. One chapter 
early in the book is devoted to transis 


“L" LOCK CLAMP 
tor equivalent circuits and they are used 





WRITE FOR 
CATALOG 


for ALL These ~ 
WORK HOLDING DEVICES 


TOGGLE CLAMPS 
AND PLIERS 
Detroit 19, Michigan y 


FIXTURE CLAMPS 
170 TYPES AND SIZES 


Over 1000 Components 
Write for free Catalogs 


WEST POINT MFG. CO. 
26931 W. 7 Mile Road 








heavily throughout to analyze each 
circuit as it is introduced. Other typi 
cal chapters are High-frequency Ampli- 
fication, Sinusoidal Oscillators, Non- 
linear Circuits, and a rather over-long 
treatment of DC Con- 
verters (considering that converter cir 
cuits are relatively nonfundamental). 


‘Transistor 


Battery Engineering 
Manual 

Burgess Battery Co, Freeport, Ill. 9/2 x 6, 97 
pp. $1. 

The first seven pages are devoted to 
good basic information on various dry 
cell battery designated ; 
ASA ASA standard 
tests plus examples showing how to 
select batteries. 





types as by 





[ables include 


The remainder of the 
book gives pictures, curves and per- 


formance of all batteries made by 








Burgess 


Introduction to 


Electromagnetic Fields 


SAMUEL SEELY, McGraw-Hill Book Co, 330 W 
42nd St, New York 36. 9 x 6, 308 pp. $8.50. 


I'he text material is divided into six 
related major areas: current-flow fields, 
static-electric fields, static-magnetic | 
fields, dynamic fields, Maxwell’s equa- 
tions, electromagnetic phenomena. A 
previous knowledge of calculus and an 





(Continued on page 95) 
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80 Types and Sizes 
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POWER SAVER GLAND 


Low Friction, Non-Scoring, 
Phenolic Laminate 
A Proven Bearing Material 


POWER POSITIVE CUSH:ONS 


Leakproof cushion traps Pressure 
Lip Lift Eliminates Ball Check 


. 

POWER PRESERVER SEALS 
Deep Base, No Roll, W Packing 
Multiple Lip on Piston Rod 
a * — 


1%2"—14" Bores, 12 Standard Mounts 
Air—200 psig, Oil or Water—500 psig 
at 4:1 Safety Factor 

“A BETTER CYLINDER AT LESS COST” 


Ask for Petch Catalogue PMC58 or refer to 
Your Current Sweet's Product Design File. 


463 YORK STREET, DETROIT 2, MICH.» 


MANUFACTURING COMPANY 
93 
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monwealth 


PRPORATION 


> INDUSTRIE@ 


She 


ic 


 FETEING 


= SPERRY eal 


Southern Bell of 


ay 


LEADING AMERICAN INDUSTRIES 
offer their employees the Payroll Savings Plan for U.S. Savings Bonds 


These are but a few of the leading firms which support the Savings Ge 
Bonds program with more payroll savers than ever before in peacetime. 
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New Books continued 
understanding of the important con- 
cepts of classical mechanics is needed. 
l'rom this point all derivations and ex- 
planations are contained within the 
text 

Basic topics covered include such 
clementary theorems as Coulomb’s 
Law. The more complex Poisson and 
Laplace equations are also given. 
Other topics covered are conductors, 
dielectrics, capacitors, current fields in 
tree space, magnetic effects of iron, 
electromagnetic induction, and a sum- 
mary of vector formulas. Problems are 
given at end of each chapter 


Study of Tubing 
for Aircraft 
Hydraulic Systems 


CONRAD H COOKE, RONALD D STOUFFER, 
Wright Air Development Center, Wright-Pat- 
terson Air Force Base, Ohio. 10'/2 x 8, 103 pp. 
$3 


his is a study to determine limi- 
tations of coiled stainless tubing as 
replacement for hydraulic hose. Nu- 
merous curve illustrations and actual 
examples are given to identify prob- 
lems in bending, torsion, hydraulic 
pressure, flattening, fatigue, wall thick- 
ness, clamping, fittings, vibration, flex- 
ibility, materials, etc. Bibliography 
ind lists of test reports are included 


High Temperature 
Hydraulic Fluid 


Development Status and Engineering Data, 
ASTIA Document AD 131009 GEORGE BAUM, 
ROBERT J BENZING Wright Air Development 
Center, Wright-Patterson Air Force Base, Ohio. 
Order from ASTIA Document Service Center, 
Knott Building, Dayton 2, Ohio. 10% x &, 

36 pp. $1.25 
[his report was prepared by the 
lubricants section of the Materials 
Laboratory. It is essentially a review 
(Continued on page 96) 





a) 


we 


GRC’s UNIQUE AUTOMATIC 
METHODS INSERT THREADED "QO! ‘cst. 


automatically 
produced 


ELEMENTS, RIGHT INTHE ‘(Qi 222s" 
MOLDING OR CASTING CYCLE i 


In the second cycle 
Fast economical, GRC's exclusive automatic machines 


the nylon insulating 
insert elements in zinc alloy die castings in thermo jacket is molded 
automatically and 

plastic moldings, assure uniformity, eliminate esatinnenstn 


assembly make possible entirely new right ente the dle 


cast core ane 
designs cut labor and costs 





Write for bulletins, send prints for quotation 
NO SIZE IS TOO SMALL! MAXIMUMS 
Zine Alloy 1%", Yo oz Plastic 144", 03 ox 


GRIES REPRODUCER CORP. 


Werld’s Foremost Producer of Small Die Castings 
26 Second St., New Rochelle, N. Y 7 NEw Rochelle 3-8600 
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(Fig. 288) 


35 - 50 - 90-150 G.P.M. Sizes 


Addition of helical gear reductions makes Viking heavy-duty pumps more 
compact. Five gear reductions, easily interchanged, permit a wide range 
of pump speeds for handling thick or thin liquids. Gears run in a bath of 
oil, making quiet operation. Reducers are self-supported, not hung on 
pump or motor shaft. 

If you're looking for a rugged work horse kind of pump that is narrow and 
low and will fit into small space, these new Viking heavy-duty units will 
interest you. 


For full information, write for bulletin SP-488X 


VIKING PUMP COMPANY 


» Our Catalog in Sweet's Product Design File 
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STACOR-MATIC 


the drafting 
table-desk 
combination 
TU: || eels 
features 


Board height and slope 
adjust automatically . . . 
@ touch of your foot 
raises or lowers height 
. tilts board from 
horizontal to vertical. 


Reference desk has linoleum 
covered pull-out 

top for “‘sit-under”’ 

comfort full width 
plan drawer, tool 
drawer with tray and 

lock, deep file 

drawer . gener 

ous bookshel 


ee) 


Lifetime Steel . . . precision 

built . . . hard baked ——™\, 
grey enamel finish X 
all standard sizes IN 

, 3-receptacle ~w—Tr 
electrical ovtlet . . . = as 
modern island bases ? 


: - It 
with floor leveling device 
. + + Separate footrest. =S eal 


291 Emmet Street, Newark 5, New Jersey ®@ Bigelow 2-6600 
CIRCLE 159 READER SERVICE CARD 


NT 
— 3 


ALL-POSITION 


CHECK VALVE 


For steam, hot 
or cold water, 
oil, gas and 
compounds. 


Designed for rugged service. These 
valves won’t stick. Also available with 


rubber poppets for use with air or | 


cold water. Operation is noiseless. 
Very sensitive. Work in any position. 
4 Seven sizes, 200 lbs. 
pressure. We will de- 
\ sign special Check 
Valves. Write for Bul- 

letin 201 and prices. 

Order from your jobber. 


STRATAFLO PRODUCTS, INC. 


FORT WAYNE INDIANA 
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EMPLOYMENT 
OPPORTUNITIES 


UNDISPLAYED RATE 








ENGINEERS 


Manufacturer of Packaging Equiment has an oppor 
tunity in a new product development group. Expe 
rience in machine design required, preferably i 
the food packaging field. Engineering degree pre 
ferred, but not essential. Age and salary open 
Write Personnel Department 
FOOD MACHINERY & CHEMICAL CORP 
Canning Machinery Division 








HOOPSTON, ILLINOIS 











1{DPDRESS BOX NO 
basil 4d Di 


7 


REPLIES TO: B 


Send to office neares ‘ 
NEW YORK t P.O. ROY 
CHICAGO 1 \ Mich 
SAN FRANCISCO 





POSITIONS WANTED 


Senior Project Engineer, 36, BME, MSME 
electro-mechanical, design and Development 
seeks challenging respons r 

000 yr. PW-9759, Product 

Latin America. Will you manufacture or 
market there American BSMI 

knows government regulatio 

change, languages Cap 

training, plant 
management sales, all phases met 
heavy and light machining. PW 
uct Engineering 


planning 


New Books continued 


of high-temperature hydraulic fluid de- 
velopment from 550 to 700 F and low 
temperature development from 0 to 
—65 F. Covers organo-silicates di- 
siloxanes, silicones, mineral oils and 
he available data on proper- 
ties of these research fluids important 
to hydraulic system design are re- 
ported. These data include the follow- 
density- 


silanes 


ing viscosity-temperature, 
temperature, thermal stability, data for 
heat transfer calculations, compressi- 
bility, vapor pressure, and flammability 
measurements. 

Design data on —65 F to 400 F- 
type fluids obtained by industry and 
the military services is compiled and 


reported. 





Current 
Reprints 





. ’ 
the supply lasts, single copies ot 
lowing reprints are oO ytainabdie 


the Reader Service Card 


Linkages by Graphical Synthesis 


, she on 
D ! ir linkages to generate spe 


300 F 


that 


Product Design at 
Pla ng for roduct 


Feb 2 


5 


Solution by Analogy 


Roll Cams—Stop and Go on Demand 


hical method for designing simple mech- 
it give a_ prescribed n when 


Jan 19 Circle I 


Which Fhp Motor for the Job? 


\ sts harted for 


ei 


Ja Ci 


With What Do the Russians We'd? 


Latest Soviet techniques electro-slag 


and stored-energy welders 


Engineer Salary Surveys 

Engine ] it Council sa 

13 ince ] S56 sk 
Jan 5 


Mixed-flow Impellers 
When ult 
for axial and too low f 


pressure equire 
gh 


] 

Carpet Plotting for Hi-temp Data 
Data sheet shows interaction of stress, strain 
rature Jan 5 Circle FE 57 


(Continued on page 97) 
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Frankly, 


we're in the dark... 


Since we started making glass 
spheres in 1914, they've been used 
primarily for reflective paints. You 
see them in use in highway signs 
and in the road stripes that glow in 
the beam of your headlight. Now, 
with increased capacity, we are 
looking for new, different uses. 


Can you use glass spheres, abso- 
lutely uniform in size in quality, 
in diameters available from .040” 
to .0025”. They possess unusual 
compressive strength, combined 
with heat resistance, and electrical 
insulating properties. 


They are the most inexpensive 
spherical objects to our knowledge. 
We can even make them moisture 
resistant. 


Do any of their properties suggest 
a use to you? Samples and all the 
data we have are yours on 

request 


POTTERS BROS. INC. 
Carlstadt, N. J. 
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Current Reprints continued 


Gear Standards 


Proposed all-inclusive standard for spur and 
helical, for both instrument and power service 
Dec 22 '58 Circle E 56 


Foreign Patents 


Why get them? Six steps to follow for profit 
able licensing. Dec 15 ’58 Circle E 55 


Tired Metal 


Why have fatigue problems when you can 
without them? Six solutions. Dec 1 °58 
Circle E 5 


Linkage Joints 


Discussion of motions and factors leading 
better joints. Dec 8 '58 Circle E 


Swivel Joints 


These basics will reduce trial-and-error in de 
sign. Dec 8 58 Circle E 52 


Porcelain Enamel 


New look at wide selection of colors and tex 
tured surfaces available. Chart describes enam 
eling processes. Nov 24 "58 Circle E 51 


Relays 


Money-saving guide and 17 questions that help 
avoid overdesign. Nov 24 '58 Circle E 50 


Tap the Reserve Strength in Metal 


Charts and formulas for determining how fa: 
beyond the yield-strength you dare go. Sep 29 
58 Circle E 49 


Springs that Store Energy Best 


How shape and material govern efficiency; table 
compares 13 spring shapes. Nov 10 '58 
Circle E 48 


QUANTITY PRICES 


For single shipments of any one title to 
one address on order accompanied by remit 
tance, quantity orders will be supplied at the 
following prices as long as the supply lasts 

Quantity Price per Copy 
5 $0.25 
] 


0 ) 


100 Write for quotation 
Make checks payable to PRODUCT ENGI 
NEERING, 330 West 42nd St., New York 
36, N. Y 





"Every time I design a new product, the 


company expects me to buy one of them.” 





UNIVERSAL 
JOINTS 


INDUSTRY'S MOST COM- 
PLETE LINE FOR EVERY 
SLOW SPEED APPLICATION 








Special Contoured Yoke—capable 

of operating at a maximum an- 
ular misalignment of 45° on 

Enad-cpecas applications. 


Static Torque—from 306 to 129,693 
in.-lbs. at 12°, depending on size 
of joint. 


Horsepower Ratings—.54 to 207 
at 100 rpm. 


Tolerances—pins ground to .0005" 
... forks concentric to within .001° 
... precision accurate center 
hicshe. 

Standard Specifications—hub di- 
ameters '4 to 4”... bores 4 to 2” 
... lengths (single) 2 to 10%° 
(double) 4 to 214". All specifica- 
tions can be altered or special 
joints designed to individual 
requirements. 


Get this handy guide 


it’s the quick and easy woy = 
to get the Universal Joint =) 
that is just right for your PEER 
application. Request 

Bulletin 820. 


LOVEJOY FLEXIBLE COUPLING CO 


4841 W. Lake Sr. Chicago 44, II. 
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BOECGBOBO 


SPEED REDUCERS 
(Reduction Gears) With 


OVER-CENTER 


Gear-Tooth Drive 


CLUTCH 


ROCKFORD Speed Reducers incorporate a complete 
clutch power take-off and reduction gear assembled 
into one complete unit. They are suitable for the trans- 
mission of power from internal combustion engines 
where out-put shaft speeds required are lower than 
engine speeds. A heavy-duty, over-center clutch, with 
gear-tooth drive construction is used. Positive en- 
gagement or disengagement position is accomplished 
by mechanical action of toggle arrangement. Various 
reduction ratios are available. Standard S.A.E. housing 


sizes. 


SEND FOR THIS HANDY BULLETIN 
Shows typical installations of ROCKFORD 
CLUTCHES and POWER TAKE-OFFS. Contains 
diagrams of unique applications. Furnishes 
F - capacity tables, dimensions and complete 
specifications. 


_ 

gocKFor® 

\Scevenes 
power 

| TAME -orFs 


ROCKFORD Clutch Division BORG-WARNER 


209 Catherine St., Rockford, Ill., U.S.A. 


Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3, II. 


Automotive 
Spring Loaded 


Heavy Duty 
Spring Loaded 


Oil or Dry 
Multiple Disc 


Heavy Duty 
Over Center 


Light 
Over Center 


ROCKFORD 


BORG WARNER 


GGO0E60G6 


CIRCLE 163 READER SERVICE CARD 


PRODUCT ENGINEERING °* 


Index of 


PRODUCTS 
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After + ee the a 
lassified belo {ORE DF 
TAILED iNPORM ATION about 
these produc be obteined by 
using the READER SERVICE 
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Actuators 
Mechanical 


Balls 
Bearings 
Ball 
Needle 
Roller 4th Cover, 
Bellows 
Belts, Timing 
Books 
Brakes 
Electric 


Cams 
Carbon 
Castings, Precision Investment 
Ceramics . 
Clad Metals 
Clamps 
Clutches 
Electrical 
Mechanical 
Coatings 
Compressors 
Connectors 
Hose 29-30 
Conveyor Belts 24 
Cylinders 
Hydraulic 27-30, 63, 93 
Pneumatic 63, 88, 93 


Die Castings 95 
Dies 
Drafting 
Supplies 96 
Drives 
Right-Angle : 82 
Variable Speed 3rd Cover 


Extrusions 
Nonmetallic 


F 


Fabricated Plastics (see Plastics, 
Fabricated) 

Fastening Methods 

Fittings, Hose, Pipe & Tube 

Fiexible Couplings 

Furniture, Engrg. Dept 


G 


Gaskets 6 
Gear Motors (see also Motor Reduc- 

3rd Cover, 77 

28, 92, 106 

97 


Graphite 22-23 


Instruments 
Mechanica 


Joints 
Universal 
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Index of 


PRODUCTS 
ADVERTISED 


In This Issue 


EXTRA-THIN BEARING 
WITH BUILT-IN SHIELDS 


* SAVES SPACE 
© SIMPLIFIES ASSEMBLY 
¢ CUTS MAINTENANCE COST 





PHOTO shows bearing 
Locks . 


Lubricating Equipment 


ACTUAL SIZE 


M SECTIONAL DRAWING 





Moldings 
Plastics (see Plastic Parts) 
Powdered Metal (see Powdered 
Metal Parts) 
Rubber (see Rubber Parts) 
Motor Reducers (see also Gear Motors) 
Motors, A-C 
Fractional ...3rd Cover, 9- 
Integral ‘3rd Cover, 9-12, 
Motors, D-C 
Fractional eer 
Integral 9-12, 
Motors, Hydraulic ° 





b 


Photographic Equipment 
Film 
Plastics 
Plastics Fabricated 
Powdered Metal Parts 
Power Take-Offs , 
Production Services (see also 
neering Services) 
Protective Devices, Motor 
Pumps 
Air 
Liquid 
Vacuum 


Reproduction Supplies 
Resins 

Rivets 

Rubber 
Rubber—Bonded -to- Meta! 
Rubber Parts 


Sealants 

Seals , 2nd Cover, 

Seating Work Equipment 

Specialty Fasteners (Pipe Hangers, 
Special Cold Headed Parts, etc.) 

36, 38, 

Speed increasers & Reducers. .77, 89, 

Stampings 

Switches 


Tables, Dial-Feed 
Terminals & Terminal Boards 
Tools 
Torque Converters (see Couplings 
Tracing Cloth 
Tubing 

Lock-Seam 


Vaives 
Air 
Hydraulic 
Solenoid 


Welding 
Nuts 

Wire 

Wire Cloth 
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is 3 TIMES SIZE 


SIZE: 10.500” OD; 0.270" wide; 0.250” thick 

BALL DIAMETER: 0.125” = 000025". 

MATERIALS: Stainless steel. 

MAXIMUM RUNOUT OF OUTER RACE: 0.0002" TIR 
STATIC LOAD CAPACITY: Radial, 4,630 Ib.; axial, 13,200 Ib. 
TORQUE: 5 to 6 inch-ounces at 100 Ib. axial load 








Standard bearings often impose limita- 
tions on production economy and freedom 
of design. These restrictions are often 
eliminated by special bearings, custom- 


engineered by ITI. For example 


lo save space, simplify assembly and 
prevent operating trouble, we designed 
and are producing this extra-thin-section 
ball bearing, equipped with a built-in 
shield on each side in place of separate 
shields. The shields fit so closely that they 
retain the lubricant and enable the bear 
ing to pass the standard military sand and 
dust storm test. This construction assures 
long-lived low-torque operation, and cuts 


both assembly and maintenance costs. 


YOUR design problem might likewise 
be simplified or your product improved 
by ball or roller bearings of spec ial section 
or configuration, heat resistance, corro 
sion resistance, ultra precision, or other 
unusual properties. We design and pro 
duce such bearings to individual require 
ments, in any size from 44” ID to over 


70” OD: and we invite your inquiries, 


FREE BULLETIN AFB-2 


describes our work in 


this field —shows a wide 
varicty of “specials 

tells about factors in 
volved in special bear 
ing applications. Write 


for it! 
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Don’t wait 
till you need 


Dependability- 


Get it WOW 
with 


H«S Helical G 


H & S Helical Gearing with overlapping tooth action is your 
ideal choice for power transmission on parallel shafts where 
speeds are high, where loads are high, and where smooth action 
is desired. Here’s why — 


®@ Correct machining of blank and accuracy of tooth 
generation reduce impact and increase load carrying 
capacity. 

@ Extra heavy rims, arms and hubs provide greater 
strength and stability. 


H & S Helical Gears are available with diameters up to 125”, 
1 D.P. and 40” face. 


It will pay you to learn more about the extra quality built into 
every H & S Gear. Send us your requirements. Quotations will 
be forwarded by return mail. 

Send for your free copy of H & S Gear Catalog No. 57. 





THE /HORSBURGH & SCOTT) CO. 


GEARS AND SPEED REDUCERS 
5112 Hamilton Avenue 
Cleveland 14, Ohio 
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Acushnet Process Co... 
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Allenair Corp. ... 
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Gries Reproducer Corp.. 
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Hannifin Corp. . 

Horsburgh & Scott Co. 


Imperial Tracing Cloth 
industrial Tectonics, iInc..... 
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Lamina Dies & Tools, Inc. 
Leiman Brothers, Inc. 
Link-Beilt Co 

Lovejoy Flexible Coupling Co. 
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McGraw-Hill Book Co., Inc.... 88 
Metals & Controls Corp., 

General Plate Div. s64e008 ° 8 
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Spencer Thermostat Div........ 26 
Micrometrical sl 
Milisco Mfg. Co.. ; ; 92 
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Parker Fittings & Hose Div., 
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Petch Mfg. C 

Philadelphia Gear Corp.. 

Potters Bros., inc....... 


Recordak Corp., Subs., 
Eastman Kodak Co.... 
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Cc - 


3rd Cover 
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Ross Operating Vaive Co 
Rowbottom Machine Co. 
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Simmons Fastener Corp 

Simplatro! Products Corp. 

Stacor Equipment Co... : 

Stalwart Rubber Co...... , 
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Timken Roller Bearing Co 
Tinnerman Products, Inc 
Tomkins-Johnson Co. . 63 


4th Cover 
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Wickes Corp. 
U. S. Rubber Co., Mechanical 
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Viking Pump Co 
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Wagner Electric Corp 

Warner Electric Brake & Clutch Co 
Waukee Engineering Co. 
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Atlante 3 W. O. Crank, 1301 Rhodes- 
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Chicago 11 Mid-Western Adv. Sales 
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Cleveland 13 A. F. Tischer, 1164 
IHuminating Bldg >» Public Square, Su 
perior 1.7000 

Dallas 1 R. T. Wood, 901 Vaughn 
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Denver 2 John W. Patten, 1740 Broad 
way, Mile High Center, Alpine 5-2981 

Detroit 26 P. B. Robinson, 856 Penob 
scot Bldg... Woodward 2-1793 
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est Sixth St., Madison 6-9351 

New York 36 B. K. Adams, J. C. Taney, 
R. G. Wallace, 500 Fifth Ave., Oxford 5.5959 

Philadelphia 3 D. G. Jones, K. S. Wil- 
ladson, 6 Penn Center Plaza, Locust 8-4330 

Pittsburgh 22 Cc. F. Leveroni, 1111 Oliver 
Bidg., Express 1-1314 

St. Lovis 8 R. W. Bruley, 3615 Olive 
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San Francisco 4 W. C. Weolston, 68 Post 
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. Douglas 2-4600 
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If you have a problem concerning high-heat protection of metal sur- 
faces up to 4500°F, our Technical Service Department may be of 
valuable service to you. This service goes far beyond data sheets 
and specimens. Without cost or obligation, our engineers will analyze 
your requirements and make specific recommendations based on cer- 
tified performance data. If necessary, we will visit your plant to confer 
with your engineers and study the problem first hand 


The practical answer to your problem could well be Flamemastic, a 
remarkable insulation coating that protects ordinary metals to 4500°F. 
Thoroughly proved in the torrid combustion chambers of high-production 
missiles for over 4 years, Flamemastic has these outstanding properties: 


¢ Fast, economical to 
apply by spraying, 
rolling or troweling 

¢ Can be applied to all 
ferrous or non-ferrous 
metals 


e Effective insulation from 
—100°F. to 4500°F. 


e Fire resistant and 
retardent. 


¢ Excellent adhesion 

e Inhibits corrosion 

¢ Eliminates condensation. 
¢ Weatherproof 


¢ Resists high tempera 


ture gas erosion Lightweight 


e Resists acids, alkalis, e Flexible. 


bleaches, oxidizing 
agents 


¢ High abrasion and 


impact resistance e Relatively inexpensive 


Write us today, outlining your problem, and we'll go right to work on it. 


FLAMEMASTIC 


DYNA-THERM CHEMICAL CORP. (former (dea! Chemical Products, inc.) 
3813 Hoke Avenue, Culver City, California - TExas 0O-4751 
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CARBIDE 


DIES 


designed 
and built by Jessie os INC. 


P.O. BOX 31, ROYAL OAK, MICHIGAN 


WE WOULD BE PLEASED TO QUOTE 
ON YOUR REQUIREMENTS 
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so quiet you can hear a pin drop 





RELIANCE incineraine co. * 
DEPT. 302A CLEVELAND 17, OHIO 


CANADIAN DIVISION: TORONTO, ONTARIO 
Sales Offices and Distributors in Principal Cities 





“We switched to TIMKEN” bearings to get greater 
accuracy and capacity, reports The G. A. Gray Company 
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b> SOSO SSE FS SE SESE SSESE2ESE24E EER 58 | 
How THE G. A. GRAY COMPANY mounts the spindle of its new Model 
880-FC boring machine on Timken tapered roller bearings to get 
spindle accuracy, assure precision performance. 








BETTER-ness rolls on 


ERE’S a precision giant! It’s The 
H G.A.Gray Company's new 212'%- 
ton Model 880-FC horizontal boring, 
drilling and milling machine. Weigh- 
ing 425,000 Ibs., it stands 27 ft. high, 
spans 76% ft. in length. It can machine 
a block of metal 65 ft. long and 15% 
ft. high—works with a precision of 
.00025". Yet one man operates the 
huge tool. To keep the spindle running 
accurately, Gray engineers switched to 
Timken® tapered roller bearings. 


Spindle held rigid. Timken bearings 
hold the spindle in positive alignment. 
Their tapered design lets them take 
both radial and thrust loads in all com- 
binations. And full-line contact be- 
tween rollers and races gives Timken 
bearings extra load-carrying capacity. 


Heavy shocks no problem. Rollers 
and races of Timken bearings are case- 
carburized to have hard, wear-resistant 
surfaces and tough, shock-resistant 


cores. 


Friction virtually eliminated. Timken 
bearings are geometrically designed 
and precision-made to roll true. They 
roll the load. They practically elimi- 
nate friction, run smoother, longer 
with minimum maintenance. For extra 
quality-control, we even make our own 
steel. No other American bearing maker 
does. And you can get Timken tapered 
roller bearings with maximum runout 
of 75 millionths of aninch. For all these 
advantages, specify bearings trade- 
marked ‘‘TIMKEN’’. The Timken 
Roller Bearing Company, Canton 6, 
Ohio. Canadian plant: St. Thomas, 
Ontario. Cable address: ““TIMROSCO”’. 
Makers of Tapered Roller Bearings, Fine 
Alloy Steels and Removable Rock Bits. 


This symbol on a product means 
sts Oearimgs are the best. 


tapered roller bearings 








